/ 


JF.  F.  Meggers  prepares  to  measure  one  of  the  spectrograms  on  which  these  tables  of  spectral-line  intensities  are  based. 
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Preface 


A  second  edition  of  the  NBS  Tables  of  Spectral-Line  Intensities  (Part  I,  Arranged  by  Elements 
and  Part  II,  Arranged  by  Wavelengths)  has  been  prepared.  New  classifications  have  been  provided 
for  8500  previously  unclassified  lines,  improved  wavelengths  are  given  for  about  9000  lines  and  some 
revision  of  the  intensity  scale  has  been  made.  (Supersedes  NBS  Monograph  32,  Parts  I  and  II  and  its 
Supplement.) 

Key  words:  Classification  of  spectral  lines;  intensities  of  spectral  lines;  spectral-line  intensities;  tables 
of  spectral-line  intensities;  wavelengths  of  spectral  lines. 

This  new  edition  of  the  NBS  Tables  of  Spectral-Line  Intensities  incorporates  three  improve- 
ments on  the  original  edition  of  1961.  In  the  original  edition  only  about  25  000  of  the  39  000  hnes  in 
the  tables  had  been  classified.  In  the  ensuing  thirteen  years,  about  8500  more  lines  (chiefly  rare- 
earths)  have  been  classified  and  the  new  classifications  are  here  incorporated. 

Furthermore  in  the  course  of  spectroscopic  research  during  that  period,  many  spectra  have 
been  remeasured.  About  9000  improved  wavelength  values  have  been  adopted  here.  Many  of  the 
new  values  are  accurate  to  somewhat  better  than  two  decimal  places  but  in  most  cases  there 
remains  some  uncertainty  in  the  third  place.  We  have  therefore  printed  only  two  decimal  places  in 
this  edition. 

The  third  improvement  to  be  found  in  this  edition  is  in  the  intensity  scale.  Three  changes  have 
been  made.  The  calibration  of  the  region  below  2450  A,  which  was  published  by  Corliss  [1967],  has 
been  incorporated  in  the  new  edition.  Secondly,  a  slight  error  in  the  original  reduction  of  the 
intensity  data  from  the  overlapping  regions  of  the  plates  has  been  corrected.  In  the  original  reduc- 
tion the  duplicate  observations  in  the  overlapping  regions  were  simply  averaged.  This  was  a 
theoretically  correct  procedure  since  the  observations  had  already  been  normalized  to  the  intensity 
scale  of  the  copper  matrix.  However,  it  was  observed  that  this  normalization  did  not  produce 
identical  scales  on  each  plate.  A  more  practical  procedure  would  have  been  to  have  adjusted  each 
plate  to  a  common  scale  determined  by  the  mean  intensity  level  of  all  the  plates.  This  was  pointed 
out  by  J.  L.  Tech  [1971]  who  has  now  applied  this  correction  to  all  of  the  complex  spectra  in  the 
tables.  The  elements  with  less  than  100  Hnes  (simple  spectra)  remain  uncorrected  for  this  relatively 
minor  error  because  there  are  not  enough  lines  in  the  overlapping  regions  to  determine  correction 
factors. 

Finally,  the  whole  scale  of  relative  intensity  numbers  has  been  multiplied  by  ten  to  eliminate 
numbers  less  than  unity.  The  intensity  numbers  now  range  from  1  to  90  000. 

For  the  convenience  of  the  user,  the  tables  are  presented  in  two  separate  parts,  in  the  same 
way  as  the  original  edition.  Part  I  is  arranged  by  element  in  alphabetic  order  of  chemical  name. 
In  Part  II  all  observed  lines  are  consolidated  in  a  single  table  arranged  in  order  of  increasing 
wavelength  and  in  a  supplementary  table  of  selected  strong  lines. 

The  values  of  ionization  potentials  for  many  of  the  elements  are  taken  from  the  compilations 
of  C.  E.  Moore  but  those  for  the  lanthanides,  actinides  and  Hf  are  taken  from  the  compilation  of 
W.  C.  Martin,  Lucy  Hagan,  Joseph  Reader  and  Jack  Sugar  (J.  Phys.  Chem.  Ref.  Data,  Vol.  3, 
No.  3,  1974).  The  values  of  atomic  weights  are  taken  from  the  1969  Report  of  the  International  Com- 
mission on  Atomic  Weights. 
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Tables  of  Spectral- Line  Intensities  —  Part  I 
Arranged  by  Elements 


The  relative  intensities,  or  radiant  powers,  of  39  000  spectral  lines  with  wavelengths  between 
2000  and  9000  Angstroms  have  been  determined  on  a  uniform  energy  scale  for  seventy  chemical 
elements.  This  was  done  by  mixing  0.1  atomic  percent  of  each  element  in  powdered  copper,  press- 
ing the  powder-mixture  to  form  solid  electrodes  which  were  burned  in  a  10  ampere,  220  volt  direct- 
current  arc,  and  photographing  the  spectra  with  a  stigmatic  concave  grating  while  a  step  sector 
was  rotating  in  front  of  the  slit.  The  sectored  spectrograms  facilitated  the  estimation  of  intensities 
of  all  element  lines  relative  to  copper  lines  which  were  then  calibrated  on  an  energy  scale  provided 
by  standardized  lamps,  and  all  estimated  line  intensities  were  finally  adjusted  to  fit  this  calibration. 
Comparisons  with  other  intensity  measurements  in  individual  spectra  indicate  that  the  National 
Bureau  of  Standards  spectral-line  intensities  may  have  average  errors  of  20  percent,  but  first  of 
all  they  provide  uniform  quantitative  values  for  the  seventy  chemical  elements  commonly  deter- 
mined by  spectrochemists.  These  data  are  presented  by  element  in  part  I,  and  all  39  000  observed 
lines  are  given  in  order  of  wavelength  in  part  II. 

Key  words:  Classification  of  spectral  lines;  intensities  of  spectral  lines;  spectral-line  intensities;  tables 
of  spectral-line  intensities;  wavelengths  of  spectral  lines. 


1.  Introduction 


Spectrochemistry  was  born  a  century  ago  when 
Kirchhoff  and  Bunsen  [1]'  definitely  demonstrated 
that  chemical  elements  were  uniquely  identified  by 
spectral  radiations,  or  lines  as  seen  in  a  spectroscope 
provided  with  a  sht.  This  led  immediately  to  the 
identification  of  many  chemical  elements  in  the  sun 
and  to  the  discovery  of  several  new  elements,  but 
no  quantitative  chemical  analyses  were  made  until 
much  later. 

In  1874,  Lockyer  [2]  stated  that  "while  the  qualita- 
tive spectrum  analysis  depends  upon  the  positions  of 
the  Unes,  the  quantitative  analysis  depends  not  upon 
their  position  but  upon  their  length,  brightness,  thick- 
ness, and  number  as  compared  with  the  number 
visible  in  the  spectrum  of  a  pure  vapor".  Thus,  posi- 
tion (or  wavelength)  and  brightness  (or  intensity)  are 
recognized  as  being  the  two  most  important  proper- 
ties of  spectral  lines;  wavelengths  identify  chemical 
elements  and  intensities  indicate  the  concentrations 
of  identified  elements  in  mixtures  or  chemical 
compounds. 

During  the  past  century  there  has  been  spectacular 
improvement  in  the  accuracy  of  spectral  wavelength 
determinations;  the  early  ones  were  limited  to  3  or 
4  figures,  the  later  use  of  diffraction  gratings  and 
wavelength  standards  permitted  the  specification 
of  5  or  6  figures.  Since  1900  the  application  of  inter- 
ferometers and  better  gratings  has  refined  many 
wavelengths  to  7  figures,  and  recently  some  8-figure 
values  of  wavelength  standards  have  been  provided. 

'  Figures  in  brackets  indicate  the  literature  references  on  page  xiv. 


Unfortunately  during  this  past  century  very  little 
progress  has  been  made  in  assigning  uniform  quanti- 
tative intensity  values  to  spectral  radiations.  The 
great  bulk  of  spectral  observations  have  been  made 
photographically  because  photographic  emulsions 
provide  detailed,  permanent  records  of  spectra  not 
only  in  the  visible  but  also  in  the  invisible  ultraviolet 
and  infrared  regions.  But  even  if  the  light  source  is 
reproducible  and  standardized  it  is  not  easy  to 
evaluate  the  spectral  efficiencies  of  spectrographs 
and  photographic  emulsions  so  the  usual  procedure 
has  been  to  make  subjective  visual  estimates  of 
relative  intensities  of  spectral  lines  on  an  arbitrary 
scale  based  on  the  relative  blackness  and/or  width  of 
spectral-line  images  appearing  on  a  developed  photo- 
graphic plate.  Consequently,  in  thousands  of  indi- 
vidual papers  and  in  numerous  comprehensive 
compilations  of  spectral  data  we  find  only  qualitative 
data  on  intensities  which  may  have  some  meaning 
for  adjacent  lines  in  a  given  spectrum  but  none  at 
all  when  comparing  widely  spaced  lines,  or  lines  of 
different  spectra  of  the  same  element  or  of  different 
chemical  elements. 

In  the  beginning,  most  intensity  data  were  reported 
on  an  arbitrary  scale  of  10  steps,  weak  lines  being 
assigned  an  intensity  of  1,  and  the  strongest  line 
intensity  10.  Even  as  late  as  1945  extensive  new 
spectral  tables  prepared  by  Gatterer  and  Junkes  [3] 
displayed  estimated  intensities  on  this  limited  1  to 
10  scale.  Since  1910  some  spectroscopists  have 
arbitrarily  expanded  this  arbitrarily  compressed 
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scale.  For  example,  in  the  very  extensive  spectral 
tables  published  by  Exner  and  Haschek  [4]  the 
estimated  intensities  range  from  1  to  1000.  In  wave- 
length tables  compiled  by  Twyman  and  Smith  [5] 
the  maximum  intensity  is  20,  in  the  compilation  of 
Kayser  and  Ritschl  [6]  estimated  intensities  rise  to 
4000,  and  in  the  well-known  M.I.T.  Wavelength 
Tables  [7]  they  soar  to  9000.  The  most  recent  com- 
pilation of  Tables  of  Spectrum  Lines  by  Zaidel, 
Prokof'ev.  and  Raiskii  [8]  quotes  data  from  the 
M.I.T.  Tables  and  more  modern  sources  but  adds 
nothing  new  on  spectral  line  intensities. 

In  or  about  the  year  1925,  microdensitometers 
were  developed  for  the  purpose  of  quantitative 
measurement  of  relative  intensities  among  related 
lines  in  multiplets  to  test  the  sum  rules  derived  from 
the  quantum  theory  of  spectral  structure,  but  no 
general  applications  were  made.  Since  then  thou- 
sands of  spectrochemists  have  applied  micro- 
densitometers to  quantitative  chemical  analyses  by 
calibrating  intensity  ratios  of  analysis-  and  internal- 
standard  hnes  but  such  measurements  have  con- 
tributed nothing  to  the  basic  data  on  spectral  line 
intensities.  Likewise,  with  few  exceptions,  the 
modern  substitution  of  electronic  photodetectors  for 
photographic  emulsions  has  added  nothing  to  our 
knowledge  of  true  line  intensities  over  long  ranges 
of  different  spectra  of  many  chemical  elements. 

How  may  one  hope  to  obtain,  with  a  reasonable 
amount  of  labor,  quantitative  intensity  data  on  the 
same  scale  for  thousands  of  spectral  lines  represent- 
ing practically  all  of  the  metallic  elements?  A  hint 
was  given  in  1874  by  Lockyer  [2]  who  observed  that 
"the  lines  of  any  constituent  of  a  mechanical  mixture 
disappeared  from  the  spectrum  as  its  percentage 
was  reduced."  Acting  on  this  suggestion,  Hartley  [9], 
in  1884,  began  to  study  the  spark  spectra  of  metals 
in  solutions  with  concentrations  of  1  percent,  0.1 
percent,  0.01  percent,  and  0.001  percent,  and  pro- 
posed a  method  of  quantitative  spectrochemical 
analysis  based  on  the  lines  that  could  be  detected 
at  each  dilution.  Similar  studies  were  later  made  by 
PoUok  and  Leonard  [10],  by  de  Gramont  [11],  and 
by  Lowe  [12],  aU  showing  that  with  progressive 
dilution  of  an  element  its  spectral  lines  weakened 
and  vanished  until  only  the  most  sensitive  line  re- 
mained to  reveal  its  presence.  In  all  these  works  the 
principle  of  quantitative  spectrochemistry  appeared 
to  rest  on  the  number  of  lines  detectable  rather  than 
on  their  individual  intensities.  Casual  observation 
must  have  shown  lines  of  equal  strength  in  spectra 
of  solutions  differing  1000  fold  in  concentration  but 
no  one  mentioned  it.  It  is  difficult  to  understand  why 
these  early  studies  of  residual  spectra  in  quantitively 
prepared  mixtures  or  solutions  did  not  suggest 
a  method  for  obtaining  physical  intensities,  but 
it  is  a  fact  that  before  our  work  had  begun  no  one  had 
attempted  to  express  spectral  line  intensities  as 
directly  proportional  to  the  number  of  radiating 
atoms  or  concentration  of  the  element.  The  present 
monograph  reports  such  an  attempt  [13]. 


Our  method  of  deriving  line  intensities  from  arc 
spectra  of  elements  diluted  in  copper  was  recently 
adopted  by  Allen  [14,  15]  to  obtain  oscillator 
strengths  of  some  radiations  from  3200  to  5400  A 
representing  nine  elements. 

At  various  times  since  1932  we  have  photographed 
the  arc  spectra  of  70  chemical  elements  diluted  in 
silver  or  in  copper,  and  determined  the  line  intensi- 
ties of  the  diluted  elements  relative  to  selected  Hnes 
of  the  matrix.  An  energy  calibration  of  the  latter 
finally  led  to  physical  intensities  of  39,000  spectral 
lines  representing  70  elements,  all  on  the  same 
energy  scale.  These  experiments  and  results  are 
based  on  the  following  propositions,  regarded  as 
fundamental  for  the  quantitative  description  of 
residual  spectra  of  diluted  elements  excited  in 
ordinary  d  — c  arcs. 

1.  The  limiting  detectability  of  any  line  is  de- 
fined as  the  atomic  concentration  that  ensures  posi- 
tive detection  of  the  line.  This  limit  is  determined 
mainly  by  unavoidable  background  on  a  fully  ex- 
posed spectrogram.  The  spectrum  of  an  arc  burning 
in  air  consists  of  discrete  lines  due  to  atoms,  and  of 
more  or  less  extensive  band  systems  from  transient 
compounds  (usually  monoxides),  all  superposed  on  a 
continuous  background  arising  from  thermal  radia- 
tion of  incandescent  oxides,  from  transitions  in  the 
continuum,  and  possibly  from  scattered  light.  This 
background  sets  a  limit  to  the  exposure  for  faint 
lines  that  may  be  given  by  any  actual  spectrograph. 
If  this  were  not  true,  the  exposure  could  be  in- 
creased indefinitely  to  compensate  for  unlimited 
reduction  in  concentration,  and  detectability  would 
always  be  infinite.  Faint  lines  are  not  recorded  by 
underexposure,  and  they  cannot  be  recognized  on  a 
very  dense  background  produced  by  overexposure. 
In  order  to  guarantee  positive  recognition  and  un- 
ambiguous chemical  identification  a  spectral  line 
should  be  sufficiently  well  defined  to  permit  accurate 
wavelength  measurement.  Experience  shows  that 
the  minimum  photographic  density  that  meets  this 
requirement  is  of  the  order  of  0.05  above  that  of  the 
background. 

2.  The  limiting  detectability  of  any  element  in  an 
arc  depends  on  the  matrix  in  which  the  element  finds 
itself.  There  is  no  doubt  that  in  the  conventional  arc 
relative  volatilities  of  the  chemical  elements  as  well 
as  relative  ionization  potentials  affect  the  relative 
strengths  of  their  mixed  spectra.  In  general,  the 
elements  with  high-vapor  pressure  and/or  low- 
ionization  potential  will  be  favored  in  spectral 
excitation,  but  elements  with  either  high  or  low 
volatility  may  be  underestimated  if  not  uniformly 
present  during  the  exposure,  and  easily  ionized 
elements  may  appear  less  sensitive  because  of  more 
complete  ionization.  In  this  connection  it  must  be 
noted  that  large  differences  in  apparent  detectabil- 
ity are  possible  if  concentrations  are  expressed  in 
relative  weights  instead  of  numbers  of  atoms.  Thus, 
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0.01  atomic  percent  of  boron  in  uranium  is  equal  to 
<  0.0005  weight  percent  since  the  uranium  atom  is 
22  times  heavier  than  the  boron  atom. 

3.  The  primary  substance  [matrix)  has  no  impor- 
tant effect  on  the  relative  intensities  of  lines  due  to  a 
secondary  substance.  It  is  conceded  that  the  relative 
intensities  of  analogous  spectra  of  different  ele- 
ments, and  of  successive  spectra  of  the  same 
element,  may  vary  with  the  composition  of  the 
samples  and/or  with  the  type,  or  portion,  of  light 
source  from  which  radiation  is  taken,  but  there  is 
no  evidence  that  the  relative  intensities  of  lines  in 
any  particular  spectrum  of  a  given  element  are 
thereby  greatly  changed.  It  may  be  expected,  there- 
fore, that  the  relative  intensities  of  lines  observed 
in  one  metal  arc  will  remain  valid  in  any  other  metal 
arc,  provided  the  arcs  are  at  approximately  the  same 
temperature.  The  absolute  intensities  and  the 
relative  strengths  of  successive  spectra  may  be 
altered  by  excitation  conditions.  For  example,  silicon 
may  be  more  sensitive  in  carbon  than  in  calcium, 
and  it  is  well  known  that  when  easily  ionized  alkalies 
are  present  in  sufficient  quantity  to  influence  dis- 
charge conditions  they  reduce  the  intensity  of  other 
spectra,  especially  those  characteristic  of  ionized 
atoms. 

4.  The  order  of  lines  arranged  according  to  de- 
creasing detectability  in  progressive  dilution  is  the 
same  as  the  order  of  decreasing  intensity  in  the  spec- 
trum of  the  pure  element.  In  other  words,  emission 
line  intensities  in  residual  arc  spectra  (barring  self- 
absorption)  are  proportional  to  the  number  of  radiat- 
ing atoms;  and  relative  intensities  may  therefore  be 
derived  from  concentrations  at  which  different  lines 
show  the  same  intensity  or  limiting  detectability. 

Arc  spectra  usually  exhibit  a  variety  of  lines, 
sharp  or  narrow  ones,  diffuse  or  wide  ones  (including 
band  heads),  strong  ones  accompanied  by  photo- 
graphic spreading  of  developed  images,  others  wide 
on  account  of  hyperfine  structure,  and  some  partially 
reversed.  All  of  these  types,  except  the  last,  appear 
in  residual  arc  spectra  at  low  concentrations,  and 
it  may  be  questioned  if  it  is  possible  to  place  them  on 
a  uniform  intensity  scale.  It  may  be  assumed  that  if 
total  blackening  integrated  over  the  width  of  the  line 
when  recorded  at  a  moderate  level  of  density  be  con- 


sidered in  estimating  relative  intensities  these  will 
be  on  a  uniform  scale  within  the  limits  of  precision 
in  making  such  estimates  on  lines  of  different  types. 

5.  The  order  of  spectral  lines  arranged  according 
to  decreasing  intensity  is  the  same  when  the  inten- 
sities are  decreased  by  rotating  stepped  sectors  as 
when  the  intensity  reduction  is  produced  by  succes- 
sive dilution  of  the  element  in  a  matrix.  This  was 
recognized  by  Liiwe  [12]  who  published  an  atlas  of 
spark  spectra  of  44  elements  diluted  from  1  percent 
to  0.001  percent  and  later  obtained  practically  the 
same  results  by  observing  spectra  with  stepped  ex- 
posure times  [16].  In  our  experiments  the  labor  of 
preparing  samples  of  70  elements  in  four  or  more 
dilutions  was  greatly  reduced  by  adopting  only  one 
dilution  (0.1  atomic  percent)  and  then  producing 
further  reductions  of  spectral-line  intensities  by 
means  of  rotating  step  sectors. 

6.  Limiting  detectability  (as  defined  in  1.)  may 
be  adopted  as  a  physical  scale  of  intensities.  Such 
intensities  may  be  fixed  as  follows:  In  a  fuUy  ex- 
posed spectrogram  of  copper  containing  0.1  atomic 
percent  of  another  element  any  faint  but  unmistaka- 
ble line  at  a  given  wavelength  is  assigned  unit 
intensity.  Any  similar  line  appearing  with  unit 
intensity  in  a  spectrogram  when  the  energy,  or 
concentration,  is  reduced  to  Vs  is  said  to  be  5  times 
as  strong.  Thus,  all  lines  can  be  assigned  relative 
intensities  proportional  to  their  limiting  detecta- 
bilities  by  determining  either  the  energy  reduction 
or  the  concentration  reduction  at  which  the  stronger 
lines  finally  show  unit  intensity.  The  atomic  percent 
concentration  at  which  any  line  will  show  unit 
intensity  then  results  from  dividing  0.1  by  its 
required  energy  or  concentration  reduction.  For 
example,  a  line  of  intensity  10  should  show  plainly 
at  0.01  atomic  percent,  while  one  of  intensity  1000 
should  be  easily  seen  at  0.0001  atomic  percent  (one 
in  a  million).  Assuming  the  ratio  concentration/ 
intensity  to  be  constant,  the  maximum  intensity  at 
100  percent  is  easily  obtained.  Thus,  a  line  of 
intensity  1000  at  0.1  atomic  percent  will  have  an 
intensity  value  of  1000x  100/0.1=1,000,000  at 
100  percent.  This  indicates  a  much  larger  range  of 
spectral  intensities  than  mentioned  heretofore,  but 
it  is  not  unrealistic. 


2.  Experiments 


Whereas  all  earlier  experiments  on  residual 
spectra  of  diluted  elements  involved  spark  excita- 
tion of  solutions  or  fused  salts,  we  decided  to  employ 
d-c  arc  excitation  for  the  following  reasons.  It 
has  been  shown  [17]  that  the  first  ionization  poten- 
tials of  some  seventy  metallic  elements  range  from 
4  to  11  V  and  the  strongest  spectral  lines  of  most  of 
these  elements  have  wavelengths  between  2000  and 
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9000  A,  which  is  the  spectral  region  covered  by  the 
present  investigations.  Furthermore,  it  is  known  [18] 
that  the  second  ionization  potential  of  these  ele- 
ments ranges  from  10  to  75  V  and  that  the  strongest 
lines  of  singly  ionized  atoms  generally  have  shorter 
wavelengths  than  those  of  neutral  atoms,  nearly 
half  of  them  being  shorter  than  2000  A  so  that  they 
can  be  detected  only  in  vacuum  spectrographs. 
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Because  low-voltage  arcs  have  less  ionizing  action 
than  high-voltage  sparks  more  atoms  wiU  remain  in 
the  neutral  state  and,  in  general,  therefore,  arc 
spectra  will  exhibit  stronger  lines  and  higher  sensi- 
tivity than  spark  spectra. 

The  use  of  arc  spectra  in  these  experiments 
threatened  to  introduce  errors  on  account  of  self- 
absorption  of  radiated  energy  in  the  arc  aura  or 
envelope  which  consists  largely  of  unexcited  neutral 
vapor  atoms.  In  all  spectra  of  arcs  between  metal 
electrodes  this  is  the  cause  of  conspicuous  self- 
reversal  of  all  lines  involving  the  atom's  ground 
state.  However,  this  is  a  function  of  vapor  density 
surrounding  the  arc  and  if  this  is  reduced  to  0.001, 
self-reversal  is  usually  negligible  (see  fig.  2).  This 
is  our  reason  for  making  these  experiments  with 
individual  elements  diluted  in  copper  in  the  ratio 
1  to  1000.  When  ground-state  lines  of  extraordinary 
intensity  were  suspected  of  some  self-absorption, 
intensity  ratios  were  checked  or  corrected  by  ex- 
mining  our  earlier  spectrograms  made  with  this 
element  diluted  to  0.0002  atomic  percent  in  silver. 

2.1.    Dilution  in  Silver 

Our  preliminary  experiments,  begun  in  1932, 
can  be  described  briefly  as  follows:  solutions  of 
known  strength  of  the  elements  under  investiga- 
tion were  prepared  and  proper  amounts  added  to 
pure  silver  oxide,  which  was  then  reduced  to  metal 
by  heating  to  make  samples  containing  8  definite 
atomic  ratios  extending  from  0.05  to  0.0002  atomic 
percent  of  the  element  added  to  silver,  with  a  factor 
of  about  2  between  7  successive  dilutions.  In  order 
to  save  time  and  labor,  each  series  of  silver  samples 
incorporated  3  to  6  chemical  elements,  in  addition 
to  zinc  which  supplied  internal  standards.  These 
samples  were  burned  on  pure  copper  electrodes 
of  a  220  volt  d-c  arc  with  10  amperes.  An  image 
of  the  arc  was  projected  onto  the  slit  of  a  stig- 
matic  concave  grating  spectrograph  by  means  of  a 
fused-quartz  lens.  Each  series  of  excited  samples 
was  exposed  on  successive  segments  of  the  slit, 
and  was  photographed  in  four  spectral  regions 
ranging  from  2000  to  9000  A  (see  fig.  1).  A  com- 
parator was  employed  to  measure  wavelengths 
(relative  to  silver  and  copper  lines)  for  the  identi- 
fication of  the  added  elements,  and  relative  inten- 


sities of  all  lines  belonging  to  residual  spectra  of 
diluted  substances  were  estimated  and  related  to 
concentration.  These  results  were  not  satisfactory 
for  the  following  reasons:  The  use  of  silver  as  a 
matrix  and  of  copper  for  arc  electrodes  precluded 
the  possibility  of  getting  any  data  for  these  two  ele- 
ments or  for  any  lines  masked  by  silver  and  copper 
lines.  Also  the  inclusion  of  3  or  more  elements 
in  each  series  of  samples  resulted  in  the  blending 
of  many  lines,  especially  in  complex  spectra,  so 
that  it  was  not  possible  to  assign  proper  intensities 
in  these  cases.  Furthermore,  the  method  of  sample 
preparation  and  observing  appeared  to  be  unsuited 
to  very  volatile  elements,  or  compounds,  because 
no  residual  spectra  could  be  recorded  for  them  even 
at  concentrations  of  0.1  atomic  percent. 

2.2,    Dilution  in  Copper 

In  1941  these  preliminary  experiments  were 
abandoned  in  favor  of  a  modified  procedure  which 
led  to  satisfactory  results.  The  chief  changes  in 
procedure  came  with  the  availability  and  use  of 
pure  metal  powders,  and  a  hydraulic  press  to  form 
solid  electrodes  of  mixed  powders.  Instead  of  re- 
ducing spectral  line  intensities  to  the  limit  of 
detectability  by  successive  dilutions  of  the  element 
in  different  samples  only  one  dilution  (0.1  atomic 
percent)  was  prepared  and  line  intensities  were 
reduced  by  observing  through  rotating  step  sectors. 
The  successful  procedure  may  be  outlined  as  fol- 
lows: An  element  under  investigation  was  mixed 
with  pure  copper  powder  in  the  atomic  ratio  of  1 
to  1000.  These  mixtures  were  pressed  into  solid 
electrodes,  and  burned  in  a  220-V,  10-A  d-c  arc 
which  was  imaged  entirely  on  the  collimator  of  a 
stigmatic  grating  spectrograph  by  a  lens  at  the  slit. 
A  rotating  step  sector  in  front  of  the  slit  reduced  the 
spectral  intensities  to  one-fifth  in  each  of  four 
steps  (see  fig.  2).  Spectral  intensities  of  the  element 
added  to  copper  were  estimated  relative  to  those 
of  selected  copper  lines,  and  this  was  done  sepa- 
rately for  each  of  70  elements  throughout  the  range 
of  spectrum  from  2000  to  9000  A.  The  true  interi- 
sities  of  the  selected  copper  lines  above  3300  A 
that  served  as  internal  standards  were  then  meas- 
sured,  by  photographic  photometry,  relative  to  the 
known  energy  distribution  in  the  spectrum  of  an 
incandescent  tungsten-strip  filament  at  a  certain 
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Figure  2.    Arc  spectra  of  pure  manganese  (center),  and  of  copper  containing  0.1  percent  Mn  {above  and  below),  all  through  a  rotating 

step  sector. 

Spectral  range  3960  to  4105  A. 


temperature  (see  fig.  3).  Between  2000  and  3300 
A  a  calibrated  hydrogen  lamp  was  used  to  determine 
the  relative  intensities  of  copper  lines.  Finally 
the  apparent  intensities  of  39  000  spectral  lines  of 
70  elements,  relative  to  copper,  were  adjusted  to  fit 
the  copper  calibrations.  These  experiments  thus 
provide  empirically  determined  lists  of  the  prin- 
cipal lines  of  all  elements  actually  detectable  under 
average  conditions  in  arc  spectra  when  their  con- 
centrations are  0.1  atomic  percent,  and  the  indi- 
vidual lines  bear  intensity  numbers  approximately 
proportional  to  their  detectability  or  their  relative 
energy.  That  these  intensity  numbers  really  repre- 
sent physical  intensities  was  proved  by  comparing 
them  with  earlier,  accurately  measured  relative 
intensities  of  lines  in  multiplets  and  with  published 
relative  /-values  or  oscillator  strengths  of  lines  in 
different  multiplets  extending  over  a  wide  range  of 
spectrum. 

In  order  to  provide  intensity  data  for  spectral 
lines  that  are  partially  or  wholly  obscured  by  copper 
lines  a  sectored  spectrogram  of  the  pure  element 
excited  with  self-electrodes,  or  of  a  metallic  com- 
pound or  salt  excited  in  a  carbon  arc,  was  photo- 
graphed on  every  plate  so  that  any  lines  blended 
with  copper  could  be  interpolated  with  proper 
estimates  of  their  relative  intensities.  Comparison 
of  relative  intensities  in  copper  and  in  carbon 
matrices  also  supplied  new  information  on  succes- 
sive spectra,  I  and  II,  especially  of  rare-earth 
spectra.  Similar  data  for  copper  itself  were  obtained 
by  using  pressed  electrodes  of  pure  silver  powder 
to  which  0.1  atomic  percent  of  copper  was  added, 
plus  the  same  quantities  of  gold  and  zinc  to  serve 
as  internal  standards. 

Further  details  of  experimental  materials,  ap- 
paratus, and  procedure  are  given  in  the  following 
paragraphs. 

2.3.  Arc  Electrodes 

For  this  investigation  materials  of  high  purity 
were  acquired,  preferably  in  the  form  of  metal 
powders,  although  some  elements,  not  available  in 
pure  powdered  metal  form,  were  obtained  as  oxides. 
In  every  case  the  proper  amount  was  added  to 
powdered  copper  to  produce  a  mixture  in  which 
there  was  one  atom  of  the  added  element  to  each 
1000  atoms  of  copper.  These  mixtures  were  homog- 
enized by  mechanical  shaking  and  then  com- 
pressed into  soHd  cyUndrical  pellets  in  an  hydraulic 
press  at  5000  psi.  The  pellets  were  V4  in  in  di- 
ameter, yk  in  in  length,  and  weighed  about  1.5  g. 
Two  of  a  kind  were  mounted  in  massive  water- 
cooled  clamps  in  an  arc  stand  and  a  direct  current 
of  10  A  passed  between  them  from  a  220-V  line 
with  ballast  resistance.  A  3-mm  gap  was  main- 
tained between  the  electrodes  during  the  exposures 
which  varied  in  duration  from  1  s  to  5  min  depend- 
ing on  spectrographic  efficiency  and  sensitivity  of 
photographic  plates  in  different  spectral  regions. 


The  arc  was  imaged  on  the  collimator  of  a  con- 
cave grating  spectrograph  by  means  of  a  quartz 
lens  immediately  in  front  of  the  slit  to  obtain  uni- 
form illumination  along  its  length  and  collect  light 
from  all  parts  of  the  arc.  Rotating  step  sectors 
were  operated  immediately  in  front  of  the  collect- 
ing lens,  one  with  5  to  1  ratio  was  used  for  all  line- 
intensity  spectrograms,  but  a  2  to  1  step  was  used 
for  the  energy  caUbration  of  copper  lines. 

2.4.  Spectrograph 

The  dispersing  apparatus  was  a  6-in  grating  with 
15  000  lines  per  inch,  and  22  ft  radius  of  curvature 
in  a  Wadsworth-type  mounting  to  give  stigmatic 
images  on  photographic  plates.  All  observations 
were  made  in  the  first-order  spectrum  in  which  the 
reciprocal  dispersion  was  5A/mm,  and  the  practical 
resolving  power  about  50,000  with  a  sht  width  of 

30 /LA. 

2.5.    Photographic  Plates 

In  order  to  determine,  relative  to  copper,  the 
intensities  of  all  lines  of  70  chemical  elements 
diluted  1000  fold  it  was  necessary  to  make  many 
hundreds  of  spectrograms,  and  to  employ  4  varieties 
of  photographic  plates  to  cover  the  wavelength 
range  2000  to  9000  A.  The  spectral  range  2000  to 
3000  A  was  recorded  on  Eastman  ^  103-0  Ultra- 
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violet  Sensitive  plates,  2600  to  4900  A  on  Eastman 
33  plates, 4600  to„6900  A  on  Eastman  II-F  plates,  and 
6600  to  9000  A  on  Eastman  I-N  plates.  Each 
plate  was  developed  for  4  min  in  a  rocking  tray 
containing  D-19  developer  at  70  °F. 

The  exposure  times  in  each  spectral  range  were 
chosen  by  trial  to  obtain  a  suitable  continuous  back- 
ground in  the  first  step  of  the  rotating  step  sector. 
Because  of  variations  in  spectral  sensitivity  of  photo- 
graphic materials  and  in  spectrographic  efficiency 
two  exposures  of  the  contaminated-copper  arcs 
were  usually  made  on  each  plate,  with  exposure 
durations  in  the  ratio  2  to  1,  and  the  sectored  com- 
parison spectrum  of  the  contaminant  was  placed 
between  them.  Measurements  were  usually  con- 
fined to  the  exposures  which  showed  the  optimum 
background  in  the  first  step  of  the  rotating  sector. 

2.6.    Energy  Calibration  of  Copper  Lines 

In  order  to  determine  the  factors  necessary  to 
convert  the  estimates  of  apparent  intensities  of  the 
hnes  of  70  elements  relative  to  copper  into  true 
relative  intensities,  it  was  necessary  to  determine 
the  true  relative  intensities  of  selected  reference 
lines  in  the  spectrum  of  copper.  The  energy  cali- 
bration of  copper  hnes  was  performed  as  foUows: 


^  Certain  commercial  products  and  instruments  are  identified  in  this  paper  in  order 
to  specify  adequately  the  experimental  procedure.  In  no  case  does  such  identification 
imply  recommendation  or  endorsement  by  the  National  Bureau  of  Standards,  nor 
does  it  imply  that  the  products  or  equipment  identified  are  necessarily  the  best  available 
for  the  purpose. 
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A  G.E.  tungsten  ribbon  filament  lamp  (type 
F339-85,  30  A,  6V)  equipped  with  a  fused  quartz 
window  served  as  the  reference  standard  of  spectral 
energy  distribution  in  the  wavelength  range  3300 
to  9000  A.  The  „  brightness  temperature  of  the 
filament  at  6500  A  was  measured  at  two  values  of 
filament  current  by  Henry  Shenker  in  the  National 
Bureau  of  Standards  Pyrometry  Laboratory.  The 
true  temperature  T  of  the  filament  was  determined 
from  the  brightness  temperature  by  means  of  the 
following  equation  obtained  from  Wien's  law 

where  C2=  1.438  cm-deg  and  A  is  the  product  of 
the  emissivity  of  tungsten  (0.427)  and  the  transmit- 
tance  of  the  quartz  window  (0.916)  at  6500  A. 


Table  1.  Temperature  of  tungsten  lamp 


Current 

Brightness 

True 

temperature 

temperature 

A 

K 

K 

38.00 

2492 

2787 

40.00 

2567 

2881 

The  energy  distribution  from  blackbodies 
operated  at  these  temperatures  was  taken  from 
tables  prepared  by  Stair  and  Smith  [19]  in  the 
2300  to  3500  A  range,  by  Skogland  [20]  in  the  3200 
to  7600  A  range  and  by  Lowan  and  Blanch  [21] 
in  the  7200  to  10  000  A  range.  The  data  from  these 
tables  were  adjusted  to  a  common  basis  and  mul- 
tiplied by  the  emissivity  of  tungsten  and  the  trans- 
mittance  ^of  fused  quartz  at  intervals  increasing 
from  50  A  in  the  ultraviolet  to  200  A  in  the  infra- 
red. The  emissivity  of  tungsten  was  taken  from  a 
weighted  mean  curve  of  published  values  to  which 
reference  is  made  by  Stair  and  Smith  [19].  The 
transmittance  of  fused  quartz  was  calculated  from 
data  on  its  index  of  refraction  published  by  Sosman 
[22].  The  final  product,  representing  the  relative 
energy  distribution  of  the  radiation  emerging  from 
the  quartz  window  of  the  lamp,  was  plotted  on  a 
convenient  scale  to  permit  interpolation  to  any 
wavelength  in  the  range  2300  to  10  000  A. 

Spectrograms  of  the  pure  copper  arc  and  of  the 
tungsten  lamp  were  made  under  conditions  identical 
with  those  described  above  except  that  for  these  a  2 
to  1  step  sector  with  8  steps  was  used  for  closer 
calibration  (fig.  3).  Microphotometer  measurements 
of  transmittance  were  made  in  each  step  of  the 
standard-lamp  spectrum  at  intervals  of  50  A  and 
a  family  of  calibration  curves  of  transmittance 
versus  log  exposure  (hereafter  referred  to  as  log  J ) 
was  drawn  up  for  each  plate.  The  exposure  of  the 
standard-lamp     was  read  from  the  calibration  curve 


for  each  wavelength  at  a  transmittance  of  40  per- 
cent (where  the  curve  is  linear)  and  then  divided 
by  the  calculated  intensity  1$  at  that  wavelength. 

is  the  calculated  intensity  emitted  by  the  standard- 
lamp.  A  standardization  curve  of  log  Jslh  versus 
A.  was  plotted  for  each  plate.  Calibration  curves 
of  transmittance  versus  logy  were  then  drawn  from 
measurements  on  each  of  the  selected  copper  lines 
and  the  log  exposure  (log  ycu)  of  each  copper  line 
at  a  transmittance  of  40  percent  was  read  from  each 
curve.  Log  Jslh  was  then  subtracted  from  the 
average  of  numerous  values  of  log  Jcu  to  give  log 
/cu  which  is  the  log  of  the  true  relative  intensity  of 
the  copper  line.  The  values  of  log  /cu  from  plates 
in  adjacent  wavelength  regions  were  adjusted  to 
a  common  basis  by  means  of  lines  common  to  both 
plates.  The  plot  of  log  J^lh  versus  A.  is  the  relative 
response  function  of  the  plate-spectrograph  com- 
bination and  as  such  was  itself  useful  in  the  infra- 
red where  the  copper  spectrum  lacks  lines  suitable 
for  use  as  an  intensity  reference. 

From  2  to  24  determinations  were  made  on  each  of 
202  lines  of  Cu  I  between  2800  and  8100  A  with 
an  average  of  about  9  determinations  per  hne. 
The  values  of /cu  obtained  by  this  procedure  below 
3300  A  were  systematically  low  because  of  the  rapid 
decline  in  intensity  from  the  standard  lamp  in  the 
direction  of  short  wavelengths.  The  intensity  from 
the  lamp  at  5500  A  is  about  40  times  the  intensity 
at  3300  A  and  about  300  times  the  intensity  at  2800 
A.  This  fact  introduces  possible  errors  from  scat- 
tered light  of  the  intense  visible  radiation  which 
tends  to  raise  Js  and  consequently  depress  /cu- 

The  spectrum  of  copper  is  composed  of  sharp 
lines  and  diffuse  lines.  Since  the  microphotometer 
measurements  were  made  at  the  peaks  of  the  lines 
rather  than  integrated  over  their  widths,  the  meas- 
ured intensities  of  the  two  groups  of  lines  are  on 
different  relative  scales,  the  scale  of  the  diffuse 
lines  being  smaller  than  that  of  the  sharp  lines. 
The  reference  lines  selected  for  calibration  of  the 
estimates  of  apparent  intensity  are  all  sharp  lines. 

The  random  error  of  the  photometric  procedure, 
including  microphotometer  error  and  irregularities 
of  response  of  the  'W"  plates  was  determined 
from  92  measurements  of  apparent  relative  inten- 
sities in  spectra  of  the  standard  lamp  on  two  plates. 
The  standard  deviation  of  individual  measurements 
from  the  mean  was  found  to  be  about  1.5  percent. 
It  is  probable,  therefore,  that  the  uncertainties 
in  these  intensity  measurements  of  the  copper 
lines  lie  entirely  in  the  systematic  errors  discussed 
above  and  in  the  random  fluctuations  of  the  arc 
under  study. 

Since  the  ribbon  filament  lamp  was  too  faint 
in  the  region  from  2000  to  3300  A  to  serve  as  a 
standard,  recourse  was  taken  to  a  Hanovia  hydrogen 
arc  lamp.  Output  from  this  lamp  was  compared 
by  R.  Stair  in  the  Radiometry  Section  of  the  Bureau 
with  a  standard  tungsten-in-quartz  lamp  and  a 
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standard  mercury  arc  in  the  region  from  2500  to 
3800  A;  this  provided  an  independent  overlapping 
calibration  which  carried  us  down  to  2500  A. 

The  intensity  numbers  below  2500  A  become  less 
accurate  as  the  short  wavelength  limit  is  ap- 
proached. Lacking  any  rehable  energy  calibration 


for  shorter  waves,  the  intensity  estimates  from  2500 
to  2000  A  were  necessarily  adjusted  by  judicious 
extrapolation,  guided  by  the  declining  densities 
of  background  in  the  spectrograms,  caused  by  the 
increasing  absorption  in  the  apparatus  and  in  the 
air  at  shorter  wavelengths. 


3.  Results 


Because  these  relative  intensities  of  39,000 
hues  of  70  elements  are  based  on  empirical  de- 
tectabihty  they  will  be  generally  applicable  to  spec- 
trochemical  analysis  provided  that  proper  correc- 
tions are  made  on  account  of  different  excitation  in 
different  matrices.  Chemical  elements  differ  in 
volatility,  electron  emission,  spectral  excitation, 
and  spectral  background,  and  consequently  their 
spectral  detectability  in  different  mixtures  or  mat- 
rices depends  on  certain  controlling  factors.  One 
of  the  important  factors  is  the  atomic  ionization 
potential  which  ranges  from  3.9  V  for  Cs  to  11.3  V 
for  C,  and  for  the  investigated  70  elements  has  an 
average  value  of  7.3  V.  By  mixing  these  70  elements 
with  copper,  which  has  an  ionization  potential 
of  7.7  V,  we  obtained  excitation  conditions  very 
near  the  average  for  all.  To  convert  our  intensity 
numbers  from  copper  to  any  other  matrix  would 
require  the  empirical  determination  of  the  proper 
conversion  factor  for  each  element. 

It  should  be  pointed  out  that  sensitivity  of 
detection  in  spectrochemical  analysis  is  commonly 
given  in  percent  by  weight.  In  order  to  find  the 
weight  percent  from  the  atomic  percent  given  in  the 
tables  the  following  simple  relation  applies, 

  Ca  Ax 


where  Cw  is  the  concentration  in  percent  by  weight, 
Ca  is  the  atomic  percent  (0.1  in  this  case),  Acu  is 
the  atomic  weight  of  copper,  and  A^  is  the  atomic 
weight  of  the  element  Jf. 

Although  our  original  intention  was  to  determine 
the  relative  strengths  of  many  spectral  lines  from 
different  chemical  elements  for  purposes  of  quanti- 
tative spectrochemical  analysis  we  believe  that  the 
results  may  also  interest  theoretical  spectrosco- 
pists  and  astrophysicists.  For  instance,  if  our  inten- 
sity numbers,  based  on  concentration  detectabiUty 
and  relative  energy  calibration,  actually  express 
relative  energies  then  all  may  be  converted  to  oscil- 
lator strengths,  or  to  relative  gT-values,  or  even  to 
absolute  /-values,  if  the  proper  conversion  factors 
can  be  found. 

Because  of  the  low  concentration  of  each  element 
in  the  copper  arc  from  which  the  spectra  were 
observed,  the  lines  were  extraordinarily  free  from 


self  absorption.  This  fact  suggests  that  these 
emission  intensities  could  be  converted  into  relative 
gf-values,  provided  that  a  valid  excitation  tempera- 
ture can  be  assigned  to  the  copper  arc. 

The  temperature  of  the  copper  arc  can  be  de- 
termined by  comparing  the  observed  relative 
intensities  of  the  lines  of  an  element  with  the 
relative  gf-values  of  those  lines  [23J,  provided  that 
the  arc  can  be  shown  to  be  in  local  thermodynamic 
equilibrium  for  the  energy  states  under  consider- 
ation. A  preHminary  investigation  of  this  sort 
has  been  carried  out  by  using  relative  gf-values 
determined  by  R.  B.  King  and  his  coworkers  for 
Ti  I  [24],  Ti  II  [25],  V  I  [26],  Cr  i  [27],  Fe  i  [28], 
[29]  and  Ni  i  [30]  in  the  region  above  3000  A.  Figure 
4  is  a  typical  example  of  the  correlation  of  inten- 
sities and  g/-values  indicating  the  temperature  of 
the  copper  arc.  The  comparison  shows  that  our 
copper  arc  is  sufficiently  in  equihbrium  to  yield 
a  temperature  which  may  be  useful  in  calculating 
approximate  gf-values  of  some  utility  from  our 
intensity  numbers.  A  preliminary  value  of  5000 
K±300  K  has  been  obtained  as  the  average  tem- 
perature of  the  10  A,  220  V,  copper  arc. 
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Upper  e  p.  in  Volts 

Figure  4.    Plot  of  log  intensity     over  gf  versus  upper  excitation 
potential  of  Ti  I  lines. 

The  temperature  of  the  arc  is  derived  from  the  slope  of  the  line  which  best  fits  the  points. 
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Because  our  intensity  data  represent  single 
(some  times  two)  personal  subjective  estimates  of 
photographic  densities  in  sectored  spectrograms 
there  is  no  possibility  of  deriving  statistically  any 
probable  errors  or  standard  deviations  for  indi- 
vidual values.  However,  an  estimate  of  the  accuracy 
or  reliability  of  our  data  may  be  obtained  by  compar- 
ing them  with  quantitative  results  pubHshed  by 
other  investigators.  For  example,  figure  4  shows 
the  ratios  of  our  intensities  to  the  relative  /-values 
(or  intensities)  reported  by  King  and  King  [24] 
who  measured  the  total  absorptions  of  Ti  I  lines 
in  furnace  absorption  spectra;  they  stated  [28] 
that  "The  average  deviations  of  the  individual 
intensity  measures  from  the  mean  values  vary 
from  4  to  15  percent  for  different  lines"  measured 
between  4  and  16  times  on  different  plates.  Each 
little  circle  plotted  in  figure  4  represents  a  Ti  I 
multiplet  of  1  to  12  lines.  The  average  of  59  devia- 
tions from  the  mean  of  all  is  25  percent. 

A  second  indication  of  the  rehability  of  our  inten- 
sities is  obtained  by  comparing  our  values  with  the 
relative  intensities  of  lines  in  multiplets  of  five 
elements  (Cr,  Fe,  Mn,  Ti,  V)  measured  with  photo- 
graphic densitometry  by  Frerichs  [31]  to  test  the 
sum  rules.  Such  a  comparison  in  21  different 
multiplets  indicates  deviations  ranging  from  5 
to  22  percent,  with  an  overall  average  of  14  percent. 

A  third  estimate  of  the  errors  in  our  data  results 
from  their  comparison  with  photoelectric  intensity 
measurements  in  the  iron  arc  by  Crosswhite  [32], 
who  claims  an  accuracy  of  the  order  of  1  percent. 
The  average  difference  between  intensities  of  330 
iron  lines  (3175  to  5658  A)  common  to  these  two 
sets  of  observations  is  ±  27  percent,  but  some  of  this 
difference  may  be  due  to  temperature  if  this  is  not 
the  same  in  both  arcs. 

Other  comparisons  could  be  made  but  the  above 
three  are  different  and  typical;  they  suggest  that 
the  average  error  of  our  spectral-line  intensities 
within  a  spectrum  of  each  element  is  probably 
between  15  and  25  percent.  The  uniformity  of  the 
intensity  scale  between  the  spectra  of  the  various 
elements  is  more  difficult  to  assess.  Considerable 
care  was  taken  to  obtain  spectrograms  under  com- 
parable conditions  for  all  of  the  elements;  however, 
differences  in  volatilities  of  the  elements  or  their 
oxides,  and  differences  in  ease  of  excitation  may 
possibly  result  in  shifts  of  intensity  scales  between 
elements.  An  inspection  of  the  intensities  of  the 
strongest  lines  of  the  elements  indicates  that  the 
values  are  generally  in  the  same  order  as  sensi- 
tivity of  detection  of  the  elements  where  these 
are  known.  Although  no  high  precision  was  expected 
in  our  mass-production  of  intensities  it  is  empha- 
sized that  reasonably  uniform,  quantitative  values 
are  now  available  for  39  000  fines  emitted  by  70 
chemical  elements. 

The  tables  of  spectral-line  intensities  resulting 
from  this  investigation  are  presented  in  two  parts. 


In  part  I  the  data  are  arranged  by  element  in  alpha- 
betical order  of  chemical  name.  The  heading  of 
each  table  by  element  states  the  atomic  symbol, 
atomic  number,  atomic  weight,  ratio  of  atomic 
weight  to  that  of  copper,  the  electron  configuration 
and  term  symbol  of  the  normal  state  of  each 
spectrum  and  the  corresponding  ionization  potential 
expressed  in  cm"^  Following  the  heading  is  a 
selected  list  of  references.  Under  Wavelengths 
are  listed  all  of  the  sources  from  which  the  wave- 
lengths used  in  the  table  were  compiled.  Under 
Classification  or  Spectrum  Assignments  are  listed 
the  sources  from  which  the  assignment  of  spectrum 
and  energy  levels  were  obtained.  A  few  spectra 
showed  bands  of  metallic  oxides.  References  to 
data  about  these  bands  are  given  under  Molecular 
Spectra. 

Following  the  references  there  is  abstracted  from 
the  main  table  a  list  of  the  strong  fines  arranged  in 
order  of  decreasing  intensity.  These  lists  of  the 
strong  lines  generally  contain  2  percent  or  more  of 
the  fines  in  the  main  table. 

Electron  configurations  and  spectral  term  desig- 
nations of  quantum  numbers  are  of  unusual  interest 
in  the  production  of  the  strongest  spectral  fines,  or 
raies  ultimes.  According  to  well-known  rules  govern- 
ing the  relative  intensities  of  fines  in  multiplets, 
the  strongest  line  arises  from  transitions  between 
levels  having  the  largest  J  and  L  values  when 
Ay  =  A//=l.  A  rule  relating  to  raies  ultimes  was 
expressed  [33]  a  quarter  of  a  century  ago  as  follows: 
"A  raie  ultime  in  any  spectrum  originates  with  a 
simple  interchange  of  a  single  electron  between 
s  and  p  states,  usually  preferring  configurations 
in  which  only  one  electron  occurs  in  such  states." 
The  above  simple  rules  for  the  strongest  lines 
appear  to  be  vafid  for  all  spectra. 

Then  comes  the  main  table,  listing  in  order  of 
wavelength,  for  every  line  of  an  element  which  ap- 
pears on  our  plates,  the  intensity,  character,  wave- 
length, spectrum,  and  energy  levels.  The  cali- 
brated intensity  numbers  in  the  first  column 
represent  the  relative  radiant  power  emitted  by  our 
arc  at  each  wavelength.  Lines  which  differ  in  pro- 
file from  a  normal  sharp  symmetrical  shape  are 
described  in  the  second  column,  with  the  notation 
suggested  in  the  Transactions  of  the  Joint  Com- 
mission for  Spectroscopy  [34]  as  follows: 


b- 

band  head. 

c  — 

complex. 

d- 

unresolved  double  line. 

h- 

hazy. 

1- 

shaded  longward. 

s  — 

shaded  shortward. 

w  — 

wide. 

The  wavelengths  in  column  3  are  taken  from  the 
places  noted  in  the  fist  of  references  and  are  given 
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to  the  nearest  0.01  A.  They  are  all  normal  air 
wavelengths,  even  those  below  2000  A.  Column 

4  gives  the  spectrum,  I,  II,  or  III  (respectively 
from  neutral,  singly  ionized  and  doubly  ionized 
atoms)  in  which  the  line  occurs  or  the  molecule 
from  which  a  band  head  originates  and  column 

5  the  numerical  values,  rounded  off  to  the  nearest 
wavenumber,  of  the  levels  between  which  the  transi- 
tion occurs.  These  data  are  taken  from  the  Classi- 
fication reference. 

The  wavelength  of  a  doubly  classified  Hne  appears 
before  the  first  pair  of  energy  levels  and  the  second 
pair  follows  immediately.  In  these  tables  all  energy 
levels  are  given  in  vacuum  wavenumber  units. 
cm~',  for  which  the  name  kayser  (K)  has  been 
proposed  [35].  For  all  spectral  lines  explained  as 
transitions  between  energy  levels  this  serves  as 
a  mutual  check  since  the  wavelengths  in  normal 
air,  when  converted  to  vacuum  wavenumbers  by 
a  conversion  table  [36],  will  coincide  within  one 
unit  with  the  difference  between  the  two  energy 
levels.  Furthermore  these  numbers  serve  as  an 
index  to  the  term  designation  in  "Atomic  Energy 
Levels"  [37]  where  electron  configurations,  quantum 
numbers,  and  magnetic  splitting  factors  are  given. 

A  comparison  of  the  excitation  energies  of  any  two 
classified  lines  may  be  made  by  directly  comparing 
their  energy  levels  in  cm"'.  This  direct  and  simple 
procedure  avoids  the  labor  of  converting  all  energy 
levels  from  cm"'  to  electron  volts  by  means  of  the 
relation  one  eV  =  8065  cm"'. 

In  part  II  the  intensity  data  are  arranged  in  two 
tables  in  order  of  increasing  wavelengths.  In  table  1 
the  strong  lines  of  each  element  which  were  ab- 


stracted from  the  main  tables  in  part  I  are  here 
arranged  in  order  of  wavelength.  Following  this  is 
table  2  in  which  the  individual  main  tables  of  part 
I  have  been  consolidated  into  a  single  table  arranged 
by  wavelength.  This  table  contains  about  39  000 
lines  of  70  elements.  The  intensities  in  the  table  are 
on  a  scale  of  relative  radiant  power  and  the  scale 
is  the  same  from  element  to  element.  Following 
the  intensity  numbers  are  given  the  wavelength, 
the  element  symbol,  and  the  spectrum.  The  intensity 
of  a  double  line  appears  before  the  first  wavelength 
and  the  second  wavelength  follows  immediately. 

This  investigation  has  extended  over  a  period  of 
28  years,  and  represents  a  very  considerable  amount 
of  intermittent  labor  contributed  mainly  by  a 
relatively  small  number  of  individuals.  The  program 
was  initiated  by  Meggers  and  Scribner;  the  latter 
prepared  diluted-element  mixtures,  electrodes  and 
spectrograms,  while  the  former  identified  wave- 
lengths, supplied  many  line  classifications,  and  esti- 
mated relative  intensities  of  some  fifty  thousand 
lines.  In  the  production  of  the  mixtures  and  the 
copper  electrodes  and  spectrograms  valuable  as- 
sistance was  given  by  Harriet  E.  Brown.  Corliss 
contributed  the  copper  calibration,  the  conversion 
of  apparent  intensities  to  relative  radiant  powers, 
and  prepared  the  final  tables.  Mrs.  Ruth  Peterson 
carefully  prepared  and  checked  all  the  data  on 
IBM  cards  so  that  it  could  be  printed  automatically. 
Valuable  advice  and  assistance  on  the  IBM  machine 
operations  was  given  by  William  Bozman.  To  all 
our  able  and  reliable  assistants  the  authors  extend 
their  sincere  appreciation  and  thanks  for  cheerful 
and  conscientious  cooperation. 
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Tables  of  Spectral-Line  Intensities— Part  I 
Arranged  by  Elements 


Aluminum 


A1,Z  =  13,        26.9815,  Ratio  7^=0.4246 

Al  I  Normal  state  of  valence  electrons  3s^3p  ^P°i2  =  0.  LP.  =  48279  cm-i. 
Al  II    Normal  state  of  valence  electrons  3^^  ^So  =  0.  l.P.=  151860  cm"i. 

References 

Wavelengths: 

K.  B.  S.  Eriksson  and  H.  B.  S.  Isberg,  Arkiv  for  Fysik  23,  527  (1962). 

Classification: 

All,  F.  Paschen,  Ann.  Physik  12,  516  (1932). 


Aluminum— all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

jj,  ^  spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  1 
in  cm 

evels 

-1 

500  d 

2269.10  I 

112  -  44169 

40 

2575.40 

112  - 

38929 

2269.22  I 

112  -  44166 

150 

2652.48 

0  - 

37689 

460 
850 
170 

2367.05  I 
2373.12  I 
2373.35  I 

0  -  42234 
112  -  42238 
112  -  42234 

200 
3200 

6500  d 

2660.39 
3082.15 
3092.71 

112  - 
0  - 
112  - 

37689 
32435 
32437 

40 
240 

2378.40  I 
2567.98  I 

112  -  42144 
0  -  38929 

4500 

3092.84 
3944.01 

112  - 

0  - 

32435 
25348 

480 

2575.10  I 

112  -  38934 

9000 

3961.52 

I 

112  - 

25348 

3 


Antimony 

Sb,       51,  M=  121.7,  Ratio|^=  1.916 

Sb  I  Normal  state  of  valence  electrons  5s^5p^*S°  1/2=  0.  l.P.  =  69700  cm-i. 
Sb  II    Normal  state  of  valence  electrons  5s^5p^  ^Po=0.  LP.  =  133328  cm-i. 

References 

Wavelengths  and  classification: 

Sbl,  W.  F.  Meggers  and  C.  J.  Humphreys,  J.  Research  NBS  28  ,  463  (1942)  RP  1464. 


Antimony— all  observed  lines 


Intensity 

and 
Character 

Wavelength  ^ 

■    X  "  spectrum 
in  A 

Energy  levels 
in  cm "' 

Intensity 

and 
Character 

Wavelength  c 

X  spectrum 
in  A 

Energy  levels 
in  cm"' 

3000 

2029.49  I 

16396 

65653 

18 

2474.57  I 

18464 

-  58863 

5000 

2039.77  I 

no  c  A 
9004 

DOO03 

180 

2478.32  I 

16396 

-  56733 

13000 

2049.57  I 

8512 

57287 

35 

2480.44  I 

16396 

-  56699 

42000 

2068.33  I 

0 

48332 

5000 

2098.41  I 

8512 

56152 

30 
3200 

2510.54  I 
2528.52  I 

8512 
9854 

-  48332 

-  49391 

1000 

2118.48  I 

18464 

65653 

12 

2554.64  I 

18464 

-  57597 

9197  ■30  7 

0 

46991 

80 

2574.06  I 

16396 

-  55233 

3200 

2139.69  I 

8512 

55233 

6000 

2598.05  I 

8512 

-  46991 

1600 

2141.83  I 

2598.09  I 

9854 

-  48332 

3200 

2144.86  I 

8512 

55121 

2175.81  I 

0 

4.5945 

340 

2612.31  I 

18464 

-  56733 

8500 

320 

2652.60  I 

18464 

-  56152 

1500 
400 
1000 

2179.19  I 
2201.32  I 
2208.45  I 

9854 
16396 
9854 

55728 
61809 
55121 

380 
140 

2670.64  I 
2682.76  I 

8512 
18464 

-  45945 

-  55728 

650 

2220.73  I 

8512 

53528 

50 

2692.25  I 

16396 

-  53528 

320 

2224.93  I 

8512 

53443 

170 

2718.90  I 

18464 

-  55233 

550 

2262.51  I 

16.396 

60581 

50 

2727.23  I 

18464 

-  55121 

120 

2288.98  I 

9854 

53528 

900 

2769.95  I 

9854 

-  45945 

380 

2293.44  I 

9854 

53443 

70 

2851.11  I 

18464 

-  53528 

200 

2306.46  I 

16.396 

59738 

1400 

2877.92  I 

8512 

-  43249 

2200 

2311.47  I 

0 

43249 

500 

3029.83  I 

16396 

-  49391 

50 

2360.50  I 

16396 

58747 

1000 

3232.52  I 

18464 

-  49391 

100 

2373.67  I 

18464 

60581 

850 

3267.51  I 

16396 

-  46991 

80 

2383.64  I 

18464 

60404 

100 

3383.15  I 

16396 

-  45945 

60 

2422.13  I 

18464 

597.38 

100 

3637.83  I 

18464 

-  45945 

80 

2426.35  I 

16396 

57.597 

50 

3722.79  I 

16396 

-  43249 

190 

2445.51  I 

8512 

49391 

40 

4033.,55  I 

18464 

-  43249 
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Arsenic 

As,  Z  =  33,  M  =  74.9216,  Ratio  ^  =  1.179 

Lu 

As  I   Normal  state  of  valence  electrons  '^S° —  0.  I. P.  =  79165  cm"^ 

As  II  Normal  state  of  valence  electrons  'isHp^  ^Po  =  0.  LP.  =  163000  cm"^ 

References 

Wavelengths  and  Classification: 

As  I,  W.  F.  Meggers,  A.  G.  Shenstone,  and  C.  E.  Moore,  J.  Research  NBS  45 , 346  (1950)  RP  2144. 


Arsenic  — all  observed  lines 


Intensity 

and 
Character 

Wavelength  o 

jf,  ^  Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  "  spectrum 

Energy  levels 
in  cm"' 

55000 

1936.96  I 

0  - 

51610 

400 

2370.77  I 

18648  - 

60815 

65000 

1971.97  I 

0  - 

50694 

400 

2381.18  I 

10915  - 

52898 

36000 

1989.70  I 

10592  - 

60835 

11000 

1990.48  I 

10592  - 

60815 

110 

2437.23  I 

10592  - 

51610 

5000 

1994.78  I 

18186  - 

68301 

360 

2456.53  I 

10915  - 

51610 

440 

2492.91  I 

10592  - 

50694 

44000 

2003.34  I 

10915  - 

60815 

440 

2745.00  I 

18186  - 

54605 

5500 
4200 

2009.19  I 
2013.32  I 

18648  - 
18648  - 

68403 
68301 

1400 

2780.22  I 

18648  - 

54605 

480 

2165.52  I 

18648  - 

64812 

900 

2860.44  I 

18186  - 

53136 

2600 

2288.12  I 

10915  - 

54605 

200 

2898.71  I 

18648  - 

53136 

160 

2344.03  I 

18186  - 

60835 

30 

2990.99  I 

18186  - 

51610 

2600 

2349.84  I 

10592  - 

531.36 

80 

3032.85  I 

18648  - 

51610 

500 

2369.67  I 

18648  - 

60835 

40 

3119.60  I 

18648  - 

50694 
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Barium 


Ba,  Z  =  56,  M  =  137.3,  Ratio  ^  =  2.161 

Cu 

Ba  I  Normal  state  of  valence  electrons  5p%s^  ^So  =  0.  LP.  =  42035  cm~^ 
Ba  II  Normal  state  of  valence  electrons  5p''6s^Si/2  =  0.  LP.  =  80687  cm~i. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

F.  Sullivan  and  K.  Burns,  Sci.  Studies  St.  Bonaventure  Coll.  9, 7  (1941). 

H.  N.  Russell  and  C.  E.  Moore,  J.  Research  NBS  55, 299  (1955)  RP  2633. 

Classification: 

Ba  I,   H.  N.  Russell  and  C.  E.  Moore,  J.  Research  NBS  55,299(1955)  RP  2633. 
Ba  II,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 
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Barium  —  all  observed  lines 


Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  1 
in  cm 

evels 

-1 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Character 

1400 

2304.24 

II 

4874 

— 

48259 

6500 

5535.48 

I 

0 

-  18060 

2000 

2335.27 

II 

5675 

— 

48484 

20 

5680. 18 

I 

9216 

-  26816 

9^4.7  5R 

II 

5675 

- 

482.59 

500  hi 

13515 

ono  1  o 

-  i0818 

fin 

2528  51 

II 

20262 

- 

59799 

5777.62 

I 

inn 

2634  78 

II 

21952 

- 

59895 

90  1 

5800.23 

I 

13515 

-  30751 

70 

5805.68 

I 

9597 

-  26816 

30 

2702.63 

I 

0 

— 

36990 

300 

5826.28 

I 

11395 

-  28554 

18 

2771.36 

II 

21952 

- 

58025 

2800 

5853.68 

II 

4874 

-  21952 

iRn 

0\J  1  1  .  iJO 

0 

- 

32547 

9034 

-  25957 

■^nn 

3501.11 

0 

- 

28554 

50 

5907.64 

I 

1  u 

0007  .OO 

0 

- 

25704 

500 

5971.70 

I 

9216 

-  25957 

500 

5997.09 

J 

9034 

-  25704 

1400  1 

3891.78 

II 

20262 

— 

45949 

500 

6019.47 

9034 

-  25642 

30 

3892.66 

11395 

— 

37077 

1 100 

6063.12 

j 

9216 

-  25704 

inn 

3909.91 

9034 

- 

34603 

i4n 

'?9'^5  7? 

oyoo •  i  ^ 

. 

9216 

- 

346 1 7 

1700 

6110.78 

I 

11 

9597 

-  25957 

oo 

3937.87 

T 

9216 

_ 

34603 

20000 

6141.72 

5675 

-  21952 

500 

6341.68 

9216 

-  24980 

180 

3993.40 

J 

9597 

- 

34631 

360 

6450  85 

9034 

-  24532 

30 

3995.66 

9597 

- 

34617 

600 

6482.91 

I 

11,395 

-  26816 

louu  n 

4.1  'jn  f,f, 

n 
1 1 

219.52 

- 

461 

6496.90 

II 

4874 

-  20262 

DU 

0 

- 

OA]  no 

12000 

41 66  no 

n 

21952 

_ 

1600 

6498.76 

I 

9597 

-  24980 

700 

6.527.31 

J 

9216 

-  24532 

200 

4283. 10 

11395 

- 

347.36 

650 

6595.32 

J 

9034 

-  24192 

70  h 

4350.33 

12637 

— 

35617 

320 

6675.27 

J 

9216 

-  24192 

1  nn 

12637 

- 

6693.84 

9597 

-  24532 

1  '^O 

4.4. -J  1  QQ 

12266 

- 

320 

I 

^0 

4.4.ftft  Q7 

. 

13515 

_ 

35785 

16  h 

6771.85 

I 

23074 

-  37837 

60 

6865.69 

I 

11395 

-  2,5957 

35  h 

4493.64 

13515 

- 

35762 

12  h 

6867.85 

I 

22947 

-  37504 

130 

4505.92 

12637 

- 

34823 

1400 

7059.94 

I 

9597 

-  23757 

oU  n 

't.^Z.j . Z 

13515 

- 

ODO  i  i 

7120.33 

9034 

-  23074 

1  "^0 

4,^9tl 

IT 
1 1 

20262 

- 

'rZOOO 

190 

I 

^I'^OOO 

4t^4.  0*^ 

TT 
1 1 

0 

_ 

^  1  7>jZ 

6 

7 1,53.. 58 

I 

23757 

-  37732 

60 

7195.24 

J 

12266 

-  26160 

80 

4573.85 

I 

12637 

- 

34494 

20 

7228.84 

I 

22065 

-  35894 

140 

4579.64 

13515 

3,5344 

950 

7280.30 

I 

9216 

-  22947 

'HI 

1 ^00  7  ^ 

. 

12637 

- 

'?/1^7  1 

7,392.41 

12637 

-  26160 

')A 

1  A  Kl  OQ 
H)  I  V.Vo 

! 

12266 

110 

I 

ou 

t-0  i .» .OZ 

! 

9,597 

onQ07 

.3U70  / 

20 

7417.,53 

I 

9,597 

-  23074 

,30  hi 

74,59.78 

22947 

-  36,349 

130 

4691.62 

13515 

- 

34823 

170 

7488.08 

i 

9,597 

-  22947 

30 

4700.43 

1 

12637 

3,3905 

20 

7610.48 

2,3062 

-  36200 

Q(\ 
0\) 

■HW 

1  o 

(■  (  ZO. 
1009  01^ 

II 
1 1 

11395 
219.52 
13515 

- 

OZo'lr  1 
't-Z.J.  )■> 
.J.)7V/«) 

10  hi 
40  hi 

500 

7636.90 
7642.91 
7672.09 

I 
I 

2,3074 
23757 
9034 

-  ,36165 

-  ,36837 

-  22065 

20000 

4931.09 

0 

- 

20262 

300 

7780.48 

1 

9216 

"  22065 

30 

4917.33 

'1 

18060 

- 

38267 

8  h 

7839.57 

24980 

~  37732 

An  U 
ou  n 

•)n  u 
Z\i  n 

^  1  "^0  09 
.1  1  .1 V .  vZ 

.>Z(>  (  .U.J 

! 
! 

18060 
18060 
18060 

.>  /  o.>  i 
O  i  tOii 

.J  t  \}-t  1 

170 
80 

60  h 

7905.75 
7911.34 
8210.24 

I 
I 
I 

13515 
0 

18060 

-  26160 

-  12637 

-  30237 

220  hi 

5124.55 

12266 

30696 

400  h 

85,59.95 

11,395 

-  23074 

14  h 

5173.69 

30 

8860.98 

12637 

-  23919 

320  hi 

5519.05 

12637 

30751 

35 

8914.99 

12266 

-  23480 
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Beryllium 

Be,  Z  =  4,  M  =  9.01218,  Ratio  ^  =  0.1418 

Be  I  Normal  state  of  valence  electrons  25^  ^So  =  0.  I. P.  =  75192  cm"'. 
Bell  Normal  state  of  valence  electrons  2s  2S1/2  =  0.  LP.  =  146882  cm-i. 

References 

Wavelengths  and  Classification: 

Be  I,   L.  Johansson,  Arkiv  for  Fysik  23,  119  (1962). 

Be  II,  F.  Paschen  and  P.  G.  Kruger,  Ann.  Physik  8,  1005  (1931). 

Molecular  Spectra: 

BeO,  A.  Lagerqvist  and  R.  Westoo,  Arkiv  Mat.  Astron.  Fysik  32A,  No.  10  (1945). 


Beryllium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

in  A  spectrum 

Energy  levels 
in  cm ~' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

1100  h 

2174.99  I 

21979  -  67942 

4800 

3130.42 

II 

0  -  31935 

2175.10  I 

21981  -  67942 

3200 

3131.07 

II 

0  -  31929 

9500 

2348.61  I 

0  -  42565 

600 

3321.01 

I 

21978  -  52081 

700 

2494.54  I 

21978  -  62054 

3321.08 

I 

21979  -  52081 

2494.58  I 

21979  -  62054 

1000 

3321.34 

I 

21981  -  52081 

1000 

2494.73  I 

21981  -  62054 

1400  c 

2650.45  I 

21979  -  59697 

120 

4572.66 

I 

42565  -  64428 

2650.55  I 

21978  -  59695 

70  bl 

4708.60 

BeO 

2650.61  I 

21979  -  .59695 

40  h 

8254. 10 

I 

42565  -  54677 

2650.62  I 

21981  -  59697 

2650.69  I 

21979  -  59694 

2650.76  I 

21981  -  59695 

8 


Bismuth 

Bi,  Z  =  83,  M  =  208.9806,  Ratio      =  3.289 

Bi  I  Normal  state  of  valence  electrons  6s^6p^'*S°  1/2  =  0.  LP.  =  58790  cm-i. 
Bi  II  Normal  state  of  valence  electrons  6s^6p^  ^Po  =  0.  LP.  =  134600  cm-^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 

1939),  above  2000  A. 
G.  R.  Toshniwal,  Phil.  Mag.  4,  774  (1927),  below  2000  A. 

Classification: 
Bi  I,  S.  Mrozowski,  Phys.  Rev.  62, 526  (1942). 


Bismuth  — all  observed  lines 


Intensity 

and 
Character 


Wavelength  o 

;^  ^  spectrur 


Energy  levels 
in  cm^' 


Intensity 

and 
Character 


Wavelength  o 

^  ispectrur 


Energy  levels 
in  cm"' 


48000 

1953.89  I 

0  - 

51158 

4000 

2897.98  I 

11418  - 

45915 

9000 

1959.48  1 

0  - 

51019 

3200 

2938.30  I 

15437  - 

49461 

10000 

2021.21  I 

0  - 

49461 

2800 

2989.03  I 

11418  - 

44865 

44000 
4600 

2061.70  I 
2110.26  I 

0  - 
0  - 

48489 
47371 

700 
2400 

2993.34  I 
3024.64  I 

11418  - 
15437  - 

44817 
48489 

2500 

2133.63  I 

11418  - 

58272 

60 

3034.87  I 

360 

2228.25  1 

0  - 

44865 

36000 

c 

3067.72  I 

0  - 

32588 

1700 

2230.61  I 

0  - 

44817 

140 

3076.66  I 

11418  - 

43912 

340 
190 

2276.58  I 
2400.88  I 

0  - 
15437  - 

43912 
57075 

550 
500 

c 
c 

3397.21  I 
3510.85  I 

15437  - 
15437  - 

44865 
43912 

25 

2515.69  I 

11418  - 

51158 

380 

c 

3596.11  I 

21660  - 

49461 

70 

2524.49  I 

11418  - 

51019 

140 

4121.53  I 

21660  - 

45915 

700 

2627.91  I 

11418  - 

49461 

140 

4121.86  I 

280 
140 

c 
d 

2696.76  I 
2730.50  I 

11418  - 
21660  - 

48489 
58272 

600 

c 

4722.19  I 
4722.55  I 

11418  - 

32588 

360 

2780.52  I 

11418  - 

47371 

4722.83  I 

140 

c 

2809.62  1 

15437  - 

51019 

10 

c 

5552.35  I 
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Boron 


B,  Z  =  5,  M  =  10.81,  Ratio  7;- =  0.1701 

Lu 

B  I  Normal  state  of  valence  electrons  25^2^  ^P°ii2  =  0.  I.P.  =  66928  cm-i. 
B  II  Normal  state  of  valence  electrons  25^  ^So^O.  I.P.  =  202895  cm-i. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

B  I,  H.  E.  Clearman,  J.  Opt.  Soc.  Am.  42,  373  (1952). 


Boron  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

4200 
6500 

2088.93 
2089.59 

I 
I 

0  -  47857 
16  -  47857 

2400 
4800 

2496.78 
2497.73 

I 
I 

0  -  40040 
16  -  40040 
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Cadmium 


Cd,  Z  =  48,  M  =  112.40,  Ratio  —  =  1.769 


Cd  I  Normal  state  of  valence  electrons  id'^^Ss^  ^So  =  0.  I.P.  =  72539  cm-^. 
Cd  II  Normal  state  of  valence  electrons  4'd^°5s  2S1/2  =  0.  I.P.  =  136375  cm-*. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology,  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Cd  I,  A.  Fowler,  Report  on  Series  in  Lme  Spectra  (Fleetway  Press,  London,  1922). 
Cd  II,  A.  G.  Shenstone  and  J.  T.  Pittenger,  J.  Opt.  Soc.  Am.  39,  219  (1949). 


Cadmium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character. 

Wavelength  r. 

^  "  bpectrum 

Energy  levels 
in  cm"' 

19000 

2144.38 

II 

0  - 

46619 

50 

3133.17  I 

30656  - 

62563 

9000 

2265.02 

II 

0  - 

44136 

320 

3261.06  I 

0  - 

30656 

150 

2267.47 

30656  - 

74745 

800 

3403.65  I 

30114  - 

59486 

15000 
400 

2288.02 
2306.61 

0  - 
30656  - 

43692 
73996 

2500 
800 

3466.20  I 
3467.66  I 

30656  - 
30656  - 

59498 
59486 

190 

2312.84 

II 

46619  - 

89844 

3600 

3610.51  I 

31827  - 

59516 

300 

h 

2329.28 

31827  - 

74745 

700 

3612.88  I 

31827  - 

59498 

50 

2572.93 

II 

44136  - 

82991 

70 

3614.45  I 

31827  - 

59486 

50 
80 

h 
h 

2836.91 
2880.77 

30114  - 
30656  - 

65354 
65359 

800 
1400 

4678.16  I 
4799.92  I 

30114  - 
30656  - 

51484 
51484 

20 

2881.23 

30656  - 

65354 

2800 

5085.82  I 

31827  - 

51484 

160 

h 

2980.63 

31827  - 

65367 

260  h 

6438.47  I 

43692  - 

59220 
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Calcium 

Ca,  Z  =  20,  M  =  40.08,  Ratio  ^  =  0.6307 

Cal  Normal  state  of  valence  electrons  4s^  'So  =  0.  LP.  =  49305  cm~^ 
Ca  II  Normal  state  of  valence  electrons  4$  ^Si/2  =  0.  LP.  =  95752  cm~^ 

References 

Wavelengths  and  Classification: 

Ca  I,   G.  Risberg,  Arkiv  for  Fysik  37,  231  (1967). 

Ca  II,  B.  Edlen  and  P.  Risberg,  Arkiv  for  Fysik  10,  553  (1956). 


Calcium  — all  observed  lines 


Intensity 

and 
Character 


Wavelength  o 

^  spectrum 


Energy  levels 


Intensity 

and 
Character 


Wavelength  c 

^  Spectrum 


Energy  levels 
in  cm"' 


70 
30 
35 
20 
20 

20 
70 
30 
200 
500 

90 
50 
100 
100 
120 

150 
42000 
12 
35 
22000 

140 
11000 
240 
220 
200 

1100 
260 
400 
300 
650 

180 
1400 

180 
10 
16 

25 
50 
80 
50 


2398.56 
2721.64 
2994.96 
2997.31 
2999.64 

3000.86 
3006.86 
3009.20 
3158.87 
3179.33 

3181.28 
3624.11 
3630.75 
3644.41 
3706.03 

3736.90 
3933.66 
3948.90 
3957.05 
3968.47 

3973.71 
4226.73 
4283.01 
4289.36 
4298.99 

4302.53 
4307.74 
4318.65 
4425.44 
4434.96 

44.35.69 
44,54.78 
44.55.89 
44.56.61 
4526.94 

4578.55 
4581.40 
4585.86 
4878.13 


0 
0 

15158 
15210 
15210 

15210 
15316 
15316 
25192 
25414 

25414 
15158 
15210 
15316 
25192 

25414 
0 

15158 
15210 
0 

15316 
0 

15210 
15158 
15210 

15316 
15210 
15316 
15158 
15210 

15210 
15316 
15316 
15316 
218.50 

20335 
20349 
20371 
21850 


41679 
36732 
48538 
48564 
48538 

48524 
48564 
48538 
56839 
56858 

56839 
42743 
42745 
42747 
52167 

52167 
25414 
40474 
40474 
25192 

40474 
23652 
38552 
38465 
38465 

38552 
38418 
38465 
37748 
37752 

37748 
37757 
37752 
37748 
43933 

42170 
42171 
42171 
42344 


60 

h 

5041.62 

21850 

41679 

100 

h 

5188.85 

J 

23652 



42919 

110 

5261.71 

J 

20335 

_ 

39335 

130 

5262.24 

J 

20335 

_ 

39333 

110 

5264.24 

I 

20349 

- 

39340 

280 

5265.56 

I 

20349 

- 

39335 

480 

5270.27 

J 

20371 

39340 

160 

5349.47 

J 

21850 

40538 

25 

h 

5512.98 

T 

23652 

41786 

120 

5581.97 

I 

20349 

- 

38259 

700 

5588.76 

I 

20371 

- 

38259 

100 

5590. 12 

T 

20335 

38219 

360 

5594.47 

T 

20349 

38219 

240 

5598.49 

I 

20335 

38192 

120 

5601.28 

20371 

38219 

120 

5602.85 

20349 

38192 

220 

5857.45 

23652 

40720 

340 

6102.72 

15158 

31540 

950 

6122.22 

15210 

31540 

30 

6161.29 

20349 

36575 

1400 

6162.17 

15316 

31540 

30 

h 

6163.76 

20335 

36555 

60 

h 

6166.44 

20335 

36548 

70 

6169.05 

20349 

36555 

140 

h 

6169.56 

20371 

36575 

700 

6439.07 

20371 

35897 

180 

6449.81 

20335 

35835 

35 

6455.60 

20349 

35835 

700 

6462.57 

20349 

35819 

80 

6471.66 

20371 

35819 

320 

6493.78 

20335 

35730 

80 

6499.65 

20349 

35730 

20 

6572.78 

0 

15210 

40 

h 

6717.68 

21850 

36732 

190 

7148.15 

21850 

35835 

90 

7202.19 

21850 

35730 

60 

h 

7326.15 

23652 

37298 

120 

8498.02 

II 

13650 

25414 

1000 

8542.09 

II 

13711 

25414 

550 

8662. 14 

II 

13650 

25192 

12 


Carbon 


r 

C,  Z  =  6,  M  =  12.011,  Ratio  7^  =  0.1890 


C  I  Normal  state  of  valence  electrons  2sV  ^Po  =  0.  LP.  =90820  cm-K 
C  II  Normal  state  of  valence  electrons  2s22p  2?°^^  =  0.  LP.  =  196659  cm-i. 

References 

Wavelength: 

L.  Johansson,  Arkiv  for  Fysik  31,  201  (1966). 

Classification: 

C  I,  A.  Fowler  and  E.  H.  Selwyn,  Proc.  Roy.  Soc.  (London)  [A]  118,  34  (1928). 

Observed  line  of  carbon 


J  Wavelength  o      .  Energy  levels 

and  ■    1  Spectrum  -  " 

^,        .  in  A  in  cm 

Character 

100  2478.56  I  21648  -  61982 
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Cerium 


Ce,  Z  =  58,  M  -  140.12,  Ratio  ^  =  2.205 

Lu 

Ce  I  Normal  state  of  valence  electrons  4:f5d6s^ '  G°  =  0.  LP.  =  44100  cm-». 
Ce  II  Normal  state  of  valence  electrons  4'f5d^ '^Hl^/^  =  0.  LP.  =  87500  cm-i. 

References 

Wavelengths: 

W.  C.  Martin  and  C.  H.  Corliss,  unpublished  material  (1969). 

Classification: 

Ce  I,   W.  C.  Martin,  unpubhshed  material  (1969). 

Ce  II,  C.  H.  Corliss,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  77A,  (Phys.  and  Chem.),  No.  4,  419-546  (July-Aug. 
1973). 

Molecular  Spectra: 

CeO,  W.  W.  Watson,  Phys.  Rev.  53,639  (1938). 


Strong  lines  of  cerium 


Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 

Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Character 

in  cm"' 

Character 

3500 

4186.60 

II 

6968 

- 

30847 

1100 

4248.68 

II 

5514 

- 

29044 

3100 

3952.54 

II 

2642 

27935 

1100 

4572.28 

II 

5514 

27379 

2800 

3999.24 

II 

2382 

27380 

1000 

3577.45 

II 

3794 

31738 

2700 

on  Act  T  r 

3942.75 

11 

6913 

32269 

II 
II 

31156 
27935 

/  /UU 

TT 
11 

4523 

29439 

1000 
1000 

3709.29 
3709.93 

4204 
988 

2700 

4133.80 

II 

6968 

31152 

1000 

3808.11 

II 

2382 

28634 

2500 

3801.52 

II 

7234 

33531 

1000 

3889.98 

II 

5456 

31156 

2400 

4460.21 

II 

3854 

26268 

990 

3201.71 

II 

6913 

38138 

2100 

4040.76 

II 

3594 

28335 

2100 

4562.36 

II 

3854 

25766 

990 

3272.25 

II 

5651 

36202 

II 

980 

3912.44 

II 

2382 

27935 

2000 

3942.15 

0 

25360 

980 

3956.28 

II 

4911 

30180 

2000 

4137.65 

II 

4166 

28327 

980 

4123.87 

II 

6913 

31156 

2000 

4289.94 

II 

2642 

25945 

980 

4127.37 

II 

5514 

29735 

1800 

3655.85 

II 

2563 

29909 

1800 

4073.48 

II 

3854 

28396 

980 

4149.94 

II 

5819 

29909 

1700 
1700 
1500 
1500 

4391.66 
4628.16 
3882.45 
4075.71 

11 
II 
II 
II 

2596 
4166 
2596 
5651 

25360 
25766 
28345 
30180 

980 
980 
980 
910 

4239.92 
4337.77 
4418.78 
3993.82 

II 
II 
II 
II 

3854 
2635 
6968 
7341 

27433 
25682 
29592 
32373 

1500 

4075.85 

II 

4911 

29439 

910 

4003.77 

II 

7523 

32492 

1500 

4222.60 

II 

988 

24663 

910 

4014.90 

II 

4266 

29167 

1500 

4296.67 

II 

4166 

27433 

910 

4042.58 

II 

3996 

28725 

1400 

3716.37 

II 

0 

26900 

910 

4083.23 

II 

5651 

30135 

1400 

4151.97 

II 

5514 

29592 

910 

4202.94 

II 

3594 

27380 

1400 

4471.24 

II 

5617 

27976 

910 

4364.66 

II 

3996 

26900 

1300 

4165.61 

II 

7341 

31340 

910 

4382.17 

II 

5514 

28327 

1200 

3560.80 

II 

5456 

33531 

880 

3221.17 

II 

4523 

35559 

1200 

3854.18 

II 

1874 

27812 

880 

3660.64 

II 

988 

28298 

1200 

3854.31 

II 

1874 

27811 

880 

3667.98 

II 

2880 

30135 

1100 

3838.54 

II 

2642 

28686 

860 

3786.63 

II 

1410 

27811 

1100 

3878.36 

II 

1410 

27187 

860 

3848.59 

II 

4204 

30180 

1100 

4071.81 

II 

2635 

27187 

860 

3853.15 

II 

0 

25945 
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Cerium  —  all  observed  lines 


Intensity 

and 
Character 

W  dVclcilKlIi 

in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

W  svclcngtn 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

85 

2461.48 

II 

35 

2810.18 

II 

2563 

- 

38138 

130 

2462.97 

II 

9779  - 

50368 

30 

2811.87 

II 

2581 

- 

38134 

00 

It 
11 

OO 

001/1  01 
Zol4'.ol 

II 
11 

4323 

39839 

HiO 

94.7'?  '?Q 

IT 

7011  - 

47430 

OU 

9Rld.  Qf\ 
zoi^.yo 

TI 
11 

7059 

42573 

^0 

OAQA 

IT 
i  1 

7259  - 

47466 

OU 

9017  CA 
Zol  /  .OU 

IT 
11 

5716 

41198 

55 

2498.98 

II 

270 

2830.90 

II 

7259 

- 

42573 

85 

2513.30 

II 

7713  - 

47489 

100 

2833.31 

II 

lift 

1  lU 

ZOlo.ol 

TI 
11 

4-0 

ZooO.OU 

II 
11 

5943 

41198 

OCIO  AO 

11 
11 

700 

4,067/1 

1  7 
1  t 

ZoO  / .  ijy 

IT 
1 1 

6521 

41748 

OO 

II 
1 1 

977fl  - 
y  1  1  o 

1  9 
1  z 

90-37  QQ 
ZOO  * . yy 

TI 
1 1 

0 

35226 

200 

2548.68 

II 

11341  - 

50564 

35 

2839.36 

11 

2596 

- 

37804 

28 

2551.77 

II 

11387  - 

50564 

22 

2841.72 

11 

8281 

- 

43461 

OO 

zooz 

TI 
11 

9316  - 

48330 

ou 

9ftA9  CIO 
ZolZ . OZ 

11 
11 

2635 

37804 

Do 

ZOOV. 1 / 

II 
11 

1  1  71 
•J  1  1  f  1 

99 

zz 

Zo4Z.  00 

II 
11 

ZOOV.  OO 

II 
It 

00 

Zo40. 40 

II 
11 

1 1455 

46588 

70 

2573.14 

II 

9779  - 

48630 

45 

2849.03 

II 

3363 

- 

38453 

28 

2592.34 

II 

2635  - 

41198 

85 

2854.67 

II 

1874 
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IT 
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OO 
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7011  - 

44949 

45 
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2581 

- 

37588 

35 
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11 

9723  - 

47489 

75 

2858.01 

II 

16192 

- 

51171 

OQ 

Zo 
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1 1 

11340  ' 

49089 

OO 
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IT 
11 

9634 

44595 

OO 
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11 
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Q77Q 
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35 

2656.84 

11 

10703  - 

48330 

50 

2862.79 

11 

0 

- 

.34921 

75 

2666.50 

11 

3594  - 

41085 

35 

2866.81 

11 

4523 

- 

39395 

OU 

0/;7Q  A7 

1 1 
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1410  - 

38810 

40 

007 1  no 
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1 1 
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35808 

An 
t)U 

ZOOZ.  /  .5 

1 1 
11 

4UO.JO 
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Zo 
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II 
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n 
u 

oU 
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11 
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ZoU 

9Q7/1  1/1 
Zo  /  4.  14 

1 1 
1 1 

30 

2691.69 

11 

11949  - 

49089 

75 

2880.64 

II 

5969 

- 

40674 

60 

2695.96 

11 

4911  - 

41992 

35 

2881.13 

II 

7294 
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1  OA 

zoyo.u / 

T I 
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1874  - 
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71^ 
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1 1 

6518 
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4yuoy 

35 

2709.41 

11 
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35 

2890.17 

II 

9491 

- 

44081 

75 

2715.17 

II 
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39400 

17 
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II 

8804 

33812 

110 

4063.92  II 

3746 

28345 

2800 

3999.24 

II 

2382 

27380 

85 

4064.91  II 

3704 

_ 

28298 

17 

4000.68 

II 

9779 

— 

34768 

85 

4065.16  II 

7259 

- 

31851 

17 

A  f\f\(\  OA 

4000.80 

TT 
11 

5437 

30425 

QC 
00 

4000.. OU  11 

12260 

36844 

110 

A  r\{\'\  c\c 

4001.06 

T  T 
11 

5716 

30703 

r  r 
DO 

ylAAA    Al  I 

3976 

28557 

230 

4001.56 

II 

5011 

29994 

280 

4067.28  II 

8532 

33111 

140 

4001.73 

II 

3704 

28686 

85 

4068.44  II 

7278 

31851 

180 

4002.81 

II 

7294 

32269 

420 

4068.84  II 

5676 

30246 

110 

4002.97 

II 

3363 

28338 

55 

4070.09  II 

20881 

45443 

110 

4003.17 

II 

5011 

29984 

70 

4070.84  II 

12366 

36924 
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Cerium— all  observed  /mes— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  c 

jjj  ^  Spectrum 

Energy  levels 
in  cm"^ 

85 

4071.08 

TT 
11 

04-0  ( 

9QQQd 

Z  WV4- 

510 

4124.79  II 

0D14- 

—  9Q7'^l 

—  ZV / 0 1 

1100 

4071.81 

TT 
11 

ZOoO 

971  R7 

50 

4125.78  II 

Z/VOD 

270 

4072.92 

n 

^04Z 

071  Q7 

55 

4126  66  II 

ZoOoD 

1800 

4073.48 

II 

3854 

28396 

980 

4127.37  II 

5514 

-  29735 

210 

4073.74 

II 

8449 

- 

32989 

250 

4127.74  II 

4511 

-  28731 

28 

4074.65 

TT 
11 

^A.^c\ 

OAA 

200 

A  1  OO  AT  IT 

4128.07  11 

97R1  0 
Z  / 0 iZ 

1500 

4075.71 

TT 
11 

oool 

QAl  QA 

180 

4128.36  II 

7Q0CI 
lolo 

0  1  700 

1500 

4075  85 

II 

85 

4129.18  II 

OVOV 

oni  on 
—  oUloU 

210 

4076.24 

II 

6518 

31043 

530 

4130^71  II 

4523 

-  28725 

420 

4077.47 

II 

2382 

- 

26900 

480 

4131.10  II 

2642 

-  26841 

530 

4078.32 

T  T 
11 

7700 
{ILL 

ozZoo 

28 

4131.86  II 

oooU 

270 

4078.52 

TT 
11 

Q  1  Q/;7 

100 

4132.31  II 

^7  1  A 

OQQAQ 

85 

4079.02 

II 

/UdV 

olooo 

55 

4132.64  II 

DOOO 

—  oUozy 

140 

4079.67 

II 

7234 

31738 

2700 

4133^80  II 

6968 

-  31152 

270 

4080.44 

II 

2880 

- 

27380 

270 

4135.44  II 

4511 

-  28686 

670 

4081.22 

TT 
11 

9  O  C  /I 

55 

4135.89  II 

1  C\i^A  0 

0  /I  0  1  Q 

-  o4oto 

910 

4083.23 

TT 

II 

o651 

30135 

55 

4136.77  II 

o2o3 

OA/1  C  A 

-  2V4oO 

110 

4083.48 

II 

9054 

33536 

85 

4136.90  II 

c  Atn 

5969 

110 

4083.64 

II 

16192 

40673 

270 

4137.47  II 

5119 

-  29281 

450 

4085.23 

II 

5437 

- 

29909 

2000 

4137.65  II 

4166 

-  28327 

85 

4086.42 

II 

4266 

28731 

270 

4138.10  II 

7454 

-  31613 

250 

4087.36 

II 

4266 

28725 

210 

4138.35  II 

10870 

-  35027 

70 

4087.57 

II 

8532 

32989 

55 

4139.43           II  ' 

3363 

-  27515 

40 

4088^58 

II 

6638 

31090 

55 

4140^75  II 

4202 

-  28345 

230 

4088.85 

II 

5716 

- 

30166 

770 

4142.40  II 

5617 

-  29751 

70 

4089.74 

II 

7294 

31738 

150 

4142.83  II 

5676 

-  29807 

70 

4089.86 

II 

6518 

30962 

390 

4144.49  II 

3854 

OTA*?/; 

-  27976 

130 

4090.47 

II 

6521 

30962 

670 

4145.00  II 

5617 

-  29735 

130 

4090^95 

11 

6638 

31076 

480 

4146.23  II 

4523 

-  28634 

50 

4092.09 

II 

4204 

- 

28634 

85 

4148.16  II 

5965 

-  30065 

100 

4092.72 

II 

5819 

30246 

280 

4148.90  II 

8789 

-  32885 

50 

4093.29 

I 

2208 

26632 

420 

4149.79  II 

5716 

OAO  A  "7 

-  29807 

150 

4093.96 

II 

4266 

28686 

980 

4149.94  II 

5819 

OA  AAA 

-  29909 

35 

4098!  14 

I 

4417 

28812 

420 

415o!91  II 

8531 

-  32616 

85 

4098.98 

II 

5676 

— 

30065 

1400 

4151.97  II 

.5514 

-  29592 

40 

4099.75 

II 

8695 

33080 

55 

4152.93  II 

13515 

-  37588 

450 

4101.77 

II 

6968 

31340 

230 

4153.13  II 

1874 

-  25945 

70 

4102.36 

II 

8928 

33297 

50 

4153.93  II 

3746 

-  27812 

50 

4104^43 

II 

5437 

29794 

85 

4155!28  II 

250 

4105.00 

II 

8532 

— 

32885 

180 

41,55.53  II 

9054 

-  33111 

70 

4106. 13 

II 

5819 

30166 

450 

4159.03  II 

8281 

-  32318 

70 

4106.85 

II 

8702 

33045 

70 

4160.11  II 

4266 

-  28296 

oo 

4106.92 

II 

3996 

28338 

70 

4160.18  II 

7059 

-  31090 

510 

4107^42 

II 

110 

4161.18  II 

7722 

-  31747 

50 

4107.80 

II 

8774 

_ 

33111 

1,50 

4162.63  II 

7059 

-  31076 

25 

4108.26 

II 

7234 

— 

31568 

310 

4163.52  II 

11016 

-  35027 

40 

4109.56 

II 

3508 

— 

27835 

1300 

4165.61  II 

7341 

-  31340 

zuu 

H- 1  1U..)0 

IT 
1 1 

8789 

33 1 1 1 

4.166  90  IT 

10925 

-  34921 

70 

4110.84 

II 

9^R1 

150 

4166.65  II 

4737 

-  28731 

250 

4111.39 

II 

5819 

_ 

30135 

620 

4166.88  II 

10869 

-  34861 

35 

41 11.93 

II 

6390 

— 

30703 

250 

4167.80  II 

9054 

-  33040 

100 

41 13.73 

II 

3996 

— 

28298 

320 

4169.77  II 

5819 

-  29795 

.1111  1  ^ 

't  i  14.  1.) 

II 
11 

7259 

31559 

■?90 

4169.88  II 

4323 

-  28298 

420 

4115.37 

II 

7  1^^ 
/  400 

1  7d7 
0  1/4/ 

55 

417L,39  II 

5943 

-  29909 

250 

4117.01 

II 

11015 

_ 

35298 

110 

4172.16  II 

2880 

-  26841 

200 

41 17.29 

II 

5965 

— 

30246 

1 10 

4174.48  II 

4737 

-  28686 

200 

41 17.59 

II 

10642 

— 

34921 

70 

4175.24  II 

5965 

-  29909 

770 

<11  ifl  Id 

II 
11 

5617 

29893 

130 

4176.08  II 

3996 

-  27935 

250 

4119.02 

II 

4460 

28731 

340 

4176^70  II 

QOAQO 

—  ozvoy 

310 

4119.79 

II 

8774 

33040 

70 

4179.29  II 

3594 

-  27515 

310 

4119.88 

II 

2635 

26900 

340 

4181.08  II 

5119 

-  29029 

450 

4120.83 

II 

2581 

26841 

340 

4185.33  II 

3363 

-  27250 

c  1  n 
DlU 

4123. 24 

T  I 
11 

5819 

30065 

OOUU 

4100.0U  11 

6968 

-  30847 

510 

4123.49 

II 

7722 

31967 

530 

4187.32  II 

4460 

-  28335 

980 

4123.87 

II 

6913 

31156 

50 

4189.18  II 

5943 

-  29807 
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Cerium  — all  observed  /ines— Continued 


Intensity 
snd 

n a rar tpr 

Wavelength 
in  A 

Snppt  rii  m 

Energy  levels 
in  cm"' 

Intensity 
and 

Wavelength  c 
in  A  ^ 

Energy  levels 
in  cm"' 

c  c 

oo 

IT 
11 

7904 

Oil  ou 

OAA 
ZUU 

A  0/;  0  AO  TI 

04Uo 

51  Qt^l 

170 

4190.63 

II 

i  4-04 

70 

4263.95  II 

Q7QO 

OOOQC 

oZLod 

55 

4191.03 

II 

20783 

-  44637 

170 

4264.37  II 

7259 

30703 

560 

4193.09 

II 

7234 

-  31075 

100 

4267.23  II 

4523 

- 

27950 

370 

4193.28 

II 

8532 

-  32373 

55 

4268.30  II 

5943 

- 

29365 

o  tv 

4,1QQ  07 

IT 
11 

-  98908 

ZOZ  70 

1/1(1 
14U 

781  Q 
/olo 

51 01^ 

180 

4194.91 

II 

VUD4 

620 

4270.19  II 

4ozo 

z  I  yoo 

70 

4195.82 

II 

4511 

-  28338 

390 

4270.72  II 

7722 

31131 

630 

4196.34 

II 

3363 

-  27187 

130 

4273.44  II 

8804 

- 

32198 

140 

4197.51 

II 

3996 

-  27812 

70 

4275.46  II 

8176 

- 

31559 

lou 

Al  07  fil 
4'  1 7  /  .0  ( 

11 

owo 

14U 

4z/o.o/  11 

07AAC 

z  /yoo 

280 

4198.00 

II 

d.Ql  1 
4-V  1  1 

40 

4278.25  II 

1  rt7QQ 

lu  /yy 

OA  1 

j4100 

180 

4198.43 

II 

4523 

-  28335 

200 

4278.86  II 

2581 

25945 

280 

4198.67 

II 

7341 

-  31152 

140 

4280.14  II 

5924 

- 

29281 

840 

4198.72 

II 

4166 

-  27976 

110 

4281.00  II 

4460 

- 

27812 

OA  C\ 

TI 
11 

Q  1  AAA 

—  oiuyu 

80 

A  00  1    1  A  TT 

4zol.lO  11 

A  A  iiC\ 

4400 

z  /ol  1 

100 

4201.32 

11 

o40o 

0  0  1  AO 

280 

4285.37  II 

7341 

30670 

910 

4202.94 

II 

3594 

-  27380 

200 

4288.66  II 

2635 

25945 

55 

4203.51 

II 

0 

-  23783 

200 

4289.44  II 

3594 

_ 

26900 

70 

4204.74 

II 

6390 

-  30166 

2000 

4289.94  II 

2642 

- 

25945 

55 

4^05. 16 

f  I 
11 

9779 

-  33553 

1 10 

4292.58  11 

6518 

29807 

35 

4205.79 

II 

TAC  A 

9  AOOA 

110 

4292.76  II 

4523 

27812 

35 

4205.89 

II 

10275 

-  34044 

70 

4294.75  II 

8281 

31559 

270 

4209.41 

II 

5514 

-  29263 

200 

4296.07  II 

8928 

- 

32198 

70 

4210.00 

11 

5283 

-  29029 

40 

4296.37  II 

6521 

- 

29790 

AOt  0  t\A 

4z 1J.U4 

11 

5437 

-  29167 

1  C  A  A 

1500 

4296.67  II 

4166 

27433 

370 

4214.04 

II 

/I  A  1  1 

491 1 

-  zo634 

420 

4296.78  II 

/:  A 1  0 

6913 

OA  1  OA 

30180 

310 

4217. .59 

II 

8532 

-  32235 

70 

4299.09  II 

3996 

27250 

55 

4221.17 

II 

7062 

-  ,30745 

590 

4299.36  II 

1410 

- 

24663 

1500 

4222.60 

11 

988 

-  24663 

770 

4300.33  II 

3594 

- 

26841 

1  1  A 
1  lU 

0 0 0  00 

I  T 
11 

4266 

-  27935 

40 

A  OAA  Q£.                      I  T 

4300.86  11 

6550 

29795 

40 

4224.56 

II 

9198 

-  32863 

85 

4302.65  II 

10642 

33876 

100 

4227.42 

II 

5716 

-  29365 

110 

4304.28  II 

9634 

32860 

770 

4227.75 

II 

5617 

-  29263 

1,50 

4.304.72  II 

5943 

- 

29167 

85 

4228. .30 

II 

70,59 

-  30703 

420 

4305.14  II 

6913 

- 

30135 

85  h 

4230. 13 

II 
11 

4202 

-  27835 

770 

A  OA/;   "70                      T  T 

4306.72  11 

4166 

27379 

390 

4231.74 

II 

10035 

-  33659 

1 10 

4.309.. 58  II 

5969 

29 167 

100 

4232.06 

II 

7722 

-  31345 

390 

4.309.74  II 

3704 

26900 

140 

4232.. 56 

II 

5819 

-  29439 

150 

4310.70  II 

3996 

- 

27187 

85 

42.33.20 

11 

65.50 

-  30166 

110 

4311. ,59  11 

7059 

- 

30246 

240 

4234.21 

11 

4202 

-  27812 

35 

4313.10  II 

51 19 

28298 

85 

4234.73 

II 

6638 

-  30246 

55 

4314.93  II 

6638 

29807 

200 

42,36.02 

II 

4737 

-  28338 

100 

4315.41  II 

7259 

30425 

85 

4236.36 

II 

8774 

-  32373 

140 

4317.33  II 

8403 

- 

315,59 

980 

4239.92 

II 

3854 

-  27433 

55 

4317.99  II 

6521 

- 

29673 

85 

4242.01 

11 

7523 

-  31090 

560 

4320.72  11 

3704 

26841 

390 

4242.72 

II 

2382 

-  25945 

70 

4324.60  I 

0 

231 17 

85 

4243^74 

II 

1,50 

4324.79  11 

7713 

30829 

310 

4245.89 

II 

,5819 

-  29365 

70 

4.326.82  II 

5924 

- 

29029 

310 

4245.98 

II 

4266 

-  27812 

310 

43,30.45  II 

2596 

- 

25682 

85 

4246.40 

11 

7203 

-  30745 

1  CA 

150 

/lOOl'TC  TI 

4,5,11. /.T  11 

9723 

32802 

390 

4246.72 

II 

2141 

-  25682 

310 

4332.71  II 

5651 

28725 

70 

4247!46 

II 

-  26900 

70 

4,334.87  II 

8278 

31340 

70 

4248.10 

II 

10275 

-  33808 

55 

4,335.49  II 

8176 

_ 

31235 

1100 

4248.68 

II 

5514 

-  29044 

240 

4,3.36.23  II 

,5676 

- 

28731 

35 

4250.66 

II 

3996 

-  27515 

i  00^  '"to  II 
4.5.50.  ZO  11 

4460 

27515 

55 

4251 .60 

II 

8804 

-  32318 

980 

4,337.77  II 

2635 

25682 

55 

4251.86 

II 

-    Z  (  0.5,1 

340 

4.339.31  II 

390 

4253.37 

II 

3746 

-  272,50 

70 

4340., 56  II 

8176 

31208 

70 

42,54.74 

II 

66,38 

-  ,301,35 

55 

4,342.14  II 

4911 

27935 

620 

4255.79 

II 

.5676 

-  29167 

70 

4.54z.4o  11 

10275 

33297 

1 7n 

4Z,>0.  10 

1  1 

4323 

-  27812 

Oil 

228 

23244 

110 

4257.12 

II 

3704 

-  27187 

70 

4,345,85  11 

9634 

32638 

130 

4259.75 

II 

7234 

-  30703 

1,50 

4.345.96  II 

4511 

27515 

110 

4261.17 

II 

8774 

-  32235 

70 

4346.43  II 

8170 

31171 
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Cerium  — all  observed  Zirees  — Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

ana 
Character 

Wavelength  c 

^  spectrum 

Energy  levels 
in  cm"' 

28 

4347.60 

TT 
11 

R17fi 

0 1  J  u 

O  1  1  1  1 

85 

4439.24  II 

1  lUlu 

oooo\j 

40 

4347.70 

11 

4.Q1 1 

T"?  1  1 

130 

4440.88  II 

uo  10 

90090 

Z  7UZ  7 

700 

4349.79 

II 

4266 

27250 

150 

4443.75  II 

5437 

27935 

560 

4352.71 

II 

4845 

- 

27812 

480 

4444.39  II 

7455 

- 

29949 

170 

4353.37 

II 

12751 

— 

35716 

450 

4444.70  II 

8532 

— 

31024 

35 

A  oca  IC 

4356.75 

IT 
11 

7234 

55 

4446.15  II 

inQ9'i 
1U7Z0 

OOt"  lU 

55 

4357.91 

II 

QlQfl 

^91 
OZ  lOV 

28 

4447.67  I 

Q 

99/177 
ZZ4  /  / 

100 

4359.07 

II 

8804 

I 

31738 

770 

4449^34  II 

4911 

I 

27380 

100 

4360.18 

II 

6521 

- 

29450 

100 

4449.64  II 

8170 

- 

30637 

28 

4360.41 

II 

7818 

- 

30745 

620 

4450.73  II 

5514 

- 

27976 

40 

4360.44 

IT 

11 

R9R1 
oZo  1 

O IZUO 

55 

4452.55  II 

1  '^'^l  7 
XOOl  / 

35 

4361.36 

II 

i  uoz 

9QQQ/1 

55 

4453. 16  II 

130 

4361.66 

II 

4266 

z 

27187 

85 

4454.99  II 

4460 

26900 

35 

4363.39 

II 

5819 

- 

28731 

85 

4455.66  II 

2382 

- 

24819 

22 

4363.47 

II 

10642 

- 

33553 

40 

4457.78  II 

8403 

- 

30829 

910 

4364.66 

II 

ovyo 

zoyuu 

2400 

4460.21  II 

ooo4 

ZOZO8 

100 

4367.00 

II 

1  1  ftl  A 
1  lUlo 

ooVUo 

450 

4461.14  II 

/o41 

007C  1 

zy  /oi 

70 

4367.56 

II 

8281 

31171 

420 

4463^41  II 

7722 

30120 

85 

4368.23 

II 

7294 

- 

30180 

55 

4464.17  II 

7341 

- 

29735 

70 

4369.24 

II 

7012 

- 

29893 

140 

4464.69  II 

8278 

- 

30670 

100 

4372.40 

II 

z/ 18/ 

40 

4465.44  II 

7062 

OA/1  C  A 

29450 

50 

4373.24 

II 

040  / 

ZOZVO 

280 

4467.54  II 

A  coo 

4ozo 

OAAAA 

zoyuu 

350 

4373^82 

II 

4523 

27380 

1400 

447  L  24  II 

5617 

27976 

50 

4375.17 

II 

7059 

- 

29909 

450 

4472.72  II 

3594 

- 

25945 

530 

4375.92 

II 

3996 

- 

26841 

40 

4474.69  II 

8789 

- 

31131 

110 

4380.06 

II 

cm  1 

07OQC 
Z  (OOO 

700 

4479.36  II 

A  coo 
40ZO 

Z0841 

110 

4381.78 

II 

1  o 
DO  IV 

zooo4 

700 

4483.90  II 

AO  AO 
OVO8 

OOOAQ 

zyzoo 

910 

4382.17 

II 
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00 
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} 
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19 

6466.88 
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9 
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0 

owa.\fi 
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11 
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0 
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18871 
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ZMo  — 

lovUo 
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6494.94 

I 

7348 
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10 

6808.82 

I 

2437  - 

17120 

11 

6503.27 

II 

17000 

- 

32372 

6  h 

6811.62 

{ 

7841  - 

22518 

4 

i^cAO  no 

j 

3976 

19347 

Q 

7 

ADI C  90 
0010.^7 

} 

11061  - 

25730 

A 

4 

6504.1/ 

4173 

19544 

1 

10 

^RIQ  9^ 

} 

1388  - 

16051 

11 

£  CAT    1  £ 

6507. 16 

IT 
11 

14387 

29751 

7 

OOZO.  4^ 

4417  - 

19062 

7 

6509.01 

I 

228 

15587 

7 

6829.38 

II 

4844  - 

19483 

23 

6513.59 

II 

14387 

29735 

10 

6829.73 

II 

14626  - 

29263 

19 

6517.31 

3210 

18550 

6 

6834.24 

II 

12751  - 

27379 

6 

6519.12 

13605 

28940 

2 

6839.92 

6621  - 

21237 

6 

6530.68 

3764 

19072 

3 

6839.97 

10318  - 

24934 

33 


Cerium  —  all  observed  /iraes— Continued 


Chsrsctcr 

Wavelength 
in  A 

Energy  levels 
in  cm~' 

Intensity 

£ind 
Character 

Wavelength 
in  A 

opectrum 

Energy  levels 
in  cm"' 

4 

6844.26 

4455  -  19062 

16 

7235.71 

11 

4 

6844.48 

II 

16545  -  31151 

22 

7238.36 

II 

12457  - 

26268 

7 

6846.78 

II 

15134  -  29735 

12 

7241.73 

I 

7715  - 

21520 

13 

6847.25 

I 

1279  -  15879 

25 

7252.75 

I 

9 

6853.59 

I 

8603  -  23190 

12 

7262.64 

I 

5802  - 

19567 

12 

6856.55 

I 

8603  -  23184 

11  h 

7277.90 

J 

2208  - 

15945 

3 

6885.49 

I 

4173  -  18692 

6 

7279.94 

I 

3976  - 

17708 

2 

6885.71 

I 

1279  -  15798 

11 

7296.17 

I 

2378  - 

16080 

10 

6893.66 

I 

12366  -  26868 

19 

7301.42 

II 

14404  - 

28096 

7 

6894.56 

I 

2369  -  16869 

19 

7313.45 

II 

15594  - 

29263 

10 

6898.45 

II 

18393  -  32885 

25 

7329.91 

I 

1'1914  - 

9 

6899.06 

2208  -  16699 

16 

7334.68 

II 

19481  - 

33111 

6 

6904.58 

I 

7841  -  22321 

12 

7343.44 

I 

2437  - 

16051 

4 

6909.35 

I 

7715  -  22184 

6 

7345.62 

I 

4160  - 

17770 

9 

6919.27 

II 

13527  -  27976 

6  h 

7361.89 

I 

3764  - 

17343 

30 

6924.81 

6663  -  21100 

6 

7362.40 

J 

lOUlO 

10 

6939.45 

I 

228  -  14635 

4 

7363.09 

I 

1663  - 

15240 

2 

6970.40 

I 

7841  -  22184 

2 

7363.19 

I 

12720  - 

26297 

2 

6970.53 

I 

3710  -  18052 

6 

7372.54 

I 

19 

6973.50 

II 

18704  -  33040 

6 

7383.74 

I 

9830  - 

23370 

10 

6983  82 

n 

13118  -  27433 

9 

7390.46 

II 

u  — 

30 

6986.02 

228  -  14539 

6 

7393^40 

4762  - 

18284 

9 

6999.89 

I 

1663  -  15945 

25 

7397.77 

I 

0  - 

13513 

9 

6999.93 

I 

1279  -  15561 

11 

7401.27 

I 

2437  - 

15945 

6 

7013.35 

I 

6475  -  20730 

12 

7417.94 

II 

2382  - 

15859 

7014.81 

531S  -  19567 

6 

7421.00 

"X  1  OA 

0  IVo  — 

10000 

7 

7017^24 

I 

3974  -  18221 

11 

7424^70 

CeO 

4 

7018.72 

I 

4417  -  18661 

12 

7433.08 

I 

4199  - 

17649 

4 

7018.79 

I 

17147  -  31391 

11 

7438.56 

I 

4455  - 

17895 

6 

7031,00 

I 

6 

7440.49 

I 

2208  - 

15644 

5 

. 

12 

7444.44 

zooV  — 

6 

7049.61 

I 

7696  -  21877 

6  h 

7458^42 

II 

15859  - 

29263 

6 

7049.73 

I 

4020  -  18201 

9 

7462.32 

I 

2369  - 

15766 

12 

70.54.51 

I 

12366  -  26538 

10 

7472.41 

I 

14743  - 

28122 

11 

70.58.68 

II 

2382  -  16545 

6 

7478.71 

I 

3976  - 

17343 

11 

7060  00 

-  28904 

16 

7486.57 

II 

zUC),>4  — 

35 

7061.75 

II 

15594  -  29751 

9 

7500^70 

2437  - 

15766 

11 

7064.49 

I 

8587  -  22739 

6 

7.508.13 

I 

8904  - 

22219 

35 

7086.35 

II 

172,32  -  31340 

9  h 

7509.49 

I 

7348  - 

20661 

11 

7105.04 

II 

4322  -  18393 

11 

7527.46 

I 

11796  - 

25077 

7 

7113.17 

9830  -  23885 

11 

7527.68 

11 

7115^08 

11 

14276  -  28327 

10 

7533.73 

I 

5802  - 

19072 

7 

7120.86 

II 

5942  -  19982 

4 

7,539..52 

I 

1279  - 

14,539 

6 

7123.44 

I 

6475  -  20509 

4 

7539.58 

I 

5572  - 

18831 

10 

7124.73 

I 

4020  -  18052 

10 

7551.25 

I 

4199  - 

17438 

7 

12 

7562.44 

7 

7136.08 

I 

8055  -  22064 

10 

7562.86 

I 

2369  - 

15.587 

16 

7141.42 

I 

3976  -  17975 

10  h 

7563.60 

I 

7841  - 

210.59 

7 

7141.68 

I 

1279  -  1.5277 

9 

7,586.01 

I 

5409  - 

18587 

19 

7150.23 

II 

15282  -  29263 

10 

7603. 10 

I 

4746  - 

17895 

in 

71  t1  fil 

25 

7616.11 

11 

1ZO03  - 

0 c  /I no 

16 

7155.25 

I 

14531  -  28503 

7 

7632^55 

8055  - 

21153 

16 

7156.99 

II 

4511  -  18479 

12 

7646.08 

I 

4455  - 

17530 

7 

7175.00 

II 

4459  -  18393 

10 

7647.88 

I 

6856  - 

19928 

7 

7177.44 

I 

6663  -  20591 

7  h 

7663.39 

II 

15282  - 

28.327 

7 

7109  on 

00 1  ■)        1 71.00 

7 

7670.76 

II 

6 

7186.20 

18704  -  32616 

7 

7678' 13 

16 

7189.40 

II 

13527  -  27433 

12 

7682.47 

I 

3210  - 

16223 

10 

7191.72 

I 

2437  -  16338 

25 

7689.17 

II 

12751  - 

25753 

11 

7201.56 

II 

4511  -  18393 

9 

7702.84 

I 

5315  - 

18294 

16 

7201.89 

n  10001 

f. 
U 

77 1  7  fSi 

II 
11 

1873  - 

14827 

10 

7203.55 

5802  -  19680 

6  h 

7724.61 

II 

14963  - 

27905 

12 

7210.67 

3210  -  17075 

10 

7732.33 

3764  - 

16693 

6 

7213.92 

2208  -  16066 

5 

7741.43 

11 

19950  - 

32864 

19 

7217.36 

1388  -  15240 

4 

7743.77 

9830  - 

22740 
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Cerium  —  all  observed  /mes  — Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

4 

7746.65 

II 

3363  - 

16268 

5 

8079.37 

J 

4746  - 

17120 

16 

7748.35 

I 

4746  - 

17649 

10 

8094.43 

I 

3210  - 

15561 

4 

7752.86 

II 

2634  - 

15529 

16 

8120.36 

I 

2437  - 

14748 

5 

7762.95 

I 

4173  - 

17051 

6 

8171.39 

1279  - 

13513 

6 

7769.75 

I 

4199  - 

17066 

5 

8175.59 

II 

3594  - 

15822 

5 

7785.10 

II 

7713  - 

20554 

5 

8199.29 

6234  - 

18427 

10 

7797.70 

I 

3196  - 

16017 

9 

8220.70 

I 

3210  - 

15371 
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7806.80 

I 

3210  - 

16016 
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I 
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II 
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(_eU 
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II 
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10 
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I 

1 1  uuu 
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II 

IDDl  / 

9Q1  1  7 
Zol  1  / 

1 1 

0  n 
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00 1 1 . 00 

T 
J 

2369  - 

14136 

o 

J 

7841  - 

20411 

7  n 

O0ZO.O4' 
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14098 

9 

7972.11 

I 

2208  - 

14748 

12 
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II 
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7 

7972. o4 

TI 
11 

988  - 

13527 

9  n 

OC^/t  CO 

2208  - 

13881 

9 

8002.56 

T 
1 

7  K 

OOU  /  .H-O 

J 

0^  1  u 

15644 

9 
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T 
1 

704.0  _ 

iQQ/in 

1  70^U 

in 
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ftfi  1  9  fid 
ou  1  ^.ut 
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3764  - 
4455  - 

15371 
16016 

ou 

it 

0  - 

12457 

11  h 

8702.08 

IT 
11 

3794  - 

15282 

5 

8030.69 

II 

3704  - 

16152 

7 

8716.66 

II 

988  - 

12457 

5 

8031.45 

I 

4455  - 

16903 

II 

2880  - 

14276 

6 

8040.02 

I 

3210  - 

15644 

25 

8772.14 

5  h 

8066.91 

I 

5315  - 

17708 

9 
12 

8782.17 
8810.84 

5315  - 
2437  - 

16699 
13784 

16 

8070.71 

I 

4199  - 

16586 

30 

8891.20 

II 

1874  - 

13118 

35 


Cesium 

Cs,  Z  =  55,  M  =  132.9055,  Ratio  ^  =  2.091 

Lu 

Cs  I   Normal  state  of  valence  electrons  5p^6s  ^Si/2  =  0.  I. P.  =  31407  cm"*. 
Cs  II  Normal  state  of  valence  electrons  5p^  'So=0.  I.P.=  186600  cm-*. 

References 

Wavelengths  and  Classification: 

H.  Kleiman,  J.  Opt.  Soc.  Am.  52  ,  441  (1962). 


Cesium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

in  A  Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  "  spectrum 

Energy  levels 
in  cm"' 

400 

4555.31  I 

0  -  21946 

200 

hs 

6723.29  I 

11178  -  26048 

200 

4593.20  I 

0  -  21765 

200 

hs 

6973.30  I 

11732  -  26069 

30 

hs 

5664.02  I 

11178  -  28829 

35 

6983.49  I 

11732  -  26048 

25 

hs 

5845.14  I 

11732  -  28836 

40 

7608.90  I 

11178  -  24317 

80 

hs 

6010.49  I 

11178  -  27811 

60 

hi 

8015.72  I 

14499  -  26971 

14 

h 

6034.09  I 

11732  -  28300 

hi 

14597  -  26971 

120 

hs 

6213.10  I 

11732  -  27823 

80 

8079.03  I 

8 

6217.60  I 

11732  -  27811 

15000 

8521.24  I 

0  -  11732 

25 

h 

6354.55  I 

11178  -  26911 

550 

8761.42  I 

11178  -  22589 

30 

h 

6586.51  I 

11732  -  26911 

8000 

8943.59  I 

0  -  11178 

36 


Chromium 


Cr,  Z  =  24,  M  =  51.996,  Ratio  7;^  =  0.8182 


Cr  I  Normal  state  of  valence  electrons  3c?Hs  ^83  =  0.  LP.  =  54570  cm  ^ 
Cr  II  Normal  state  of  valence  electrons       ^821/2  =  0.  LP.  =  133060  cm"^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  80ns,  New 

York,  1939). 
Supplemented  by  lines  from  Kiess  (below). 

Classification: 

Cr  I,  C.  C.  Kiess,  J.  Research  NBS  51,  247  (1953)  RP  2457. 
Cr  II,  C.  C.  Kiess,  J.  Research  NB8  4  7, 385  (1951)  RP  2266. 


Strong  lines  of  chromium 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

20000 

4254.35 

0 

23499 

2300 

4351.77 

8308 

31280 

19000 

2055.52 

II 

0 

48632 

2100 

2986.47 

8308 

41782 

19000 

3578.69 

0 

27935 

1900 

3919.16 

8308 

33816 

17000 

3593.49 

0 

27820 

1900 

3963.69 

20520 

45741 

16000 

4274.80 

0 

23386 

1900 

4344.51 

8095 

31106 

14000 

2061.49 

II 

0 

48491 

1800 

2677.16 

II 

12304 

49646 

13000 

3605.33 

0 

27729 

II 

12497 

49838 

11000 

5208.44 

7593 

26788 

1700 

2843.25 

II 

12304 

47465 

10000 

4289.72 

0 

23305 

1600 

3969.75 

20524 

45707 

8900 

2065.42 

II 

0 

48399 

1600 

3976.66 

20524 

45663 

8400 

5206.04 

7593 

26796 

1600 

4646.17 

8308 

29825 

5300 

5204.52 

7593 

26802 

1500 

2986.00 

8095 

41575 

2800 

3017.57 

8095 

41225 

1400 

3014.92 

7927 

41086 

2800 

3021.56 

8308 

41393 

1400 

5409.79 

8308 

26787 

2500 

2835.63 

II 

12497 

47752 

1200 

2849.84 

II 

12148 

47228 

37 


Chromium— all  observed  lines 


Intensity 

 1 

and 

Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

spectrum 

Energy  levels 
in  cm"' 

19000 

2055.52 

TT 
11 

n 
u 

35 

2709.31 

II 

7A0  1  7 
/UOl  / 

14000 

2061.49 

11 

140 

2719  ^1 

TI 

11 

1  91/1Q 
iZi4o 

/I  A  AAA 

8900 

2065^42 

II 

0 

_ 

48399 

45 

2716.18 

I 

8308 

45113 

80  h 

2364.71 

I 

0 

- 

42275 

55 

2717.51 

II 

31083 

- 

67871 

130 

2383.33 

I 

8308 

- 

50253 

45 

2718.43 

II 

31532 

- 

68306 

140 

2408.62 

T 

I 

BoUo 

170 

2722.75 

II 

1  OAO  9 

/1 07c  A 

170 

2496.31 

I 

7927 

47975 

18 

9794.  04 

TT 
11 

31169 

67868 

110 

2502^53 

I 

8095 

48043 

420  h 

2726.51 

I 

7593 

44259 

190 

2504.31 

I 

8095 

— 

48014 

45 

2727.26 

II 

31219 

_ 

67876 

50 

2508.11 

I 

7927 

- 

47786 

280  h 

2731.91 

I 

7593 

- 

44187 

60 

2508.98 

I 

7927 

47772 

170  h 

2736.47 

I 

7593 

44126 

40 

T 

1 

8095 

47866 

70 

Z  / OV.OO 

T 
1 

23934 

60428 

110 

2516.92 

I 

8095 

47814 

70 

2740.10 

II 

1914H 
iz  ito 

4ftfi^9 
^ouoz 

80 

2518.71 

I 

8095 

— 

47786 

95 

2741.07 

I 

24056 

_ 

60528 

390 

2519.52 

I 

8308 

- 

47986 

95 

2742.03 

II 

12033 

— 

48491 

190 

2527.12 

I 

8308 

47866 

95 

2742.17 

I 

24200 

— 

60657 

I 
i 

8308 

47814 

zou 

Z  i**0.0'* 

TT 

11962 

48399 

70 

2534.34 

II 

12497 

51943 

35 

2746.21 

II 

Z770Z 

uuooo 

50 

2545.64 

I 

7751 

_ 

47022 

II 

38315 



74718 

160 

2549.54 

I 

7811 

- 

47022 

110  h 

2748.29 

I 

7751 

_ 

44126 

40 

2553.06 

I 

7811 

— 

46968 

330 

2748.98 

11 

12033 

— 

48399 

ou 

zoo  i .to 

I 
i 

7927 

47022 

Z  /OU.  lo 

TT 
11 

12148 

48491 

130 

2560.69 

I 

7927 

45 

2751.60 

I 

7Q97 

I  7Z  I 

449  i^O 

150 

2571.74 

I 

8095 

_ 

46968 

280 

2751.87 

II 

12304 

48632 

100 

2577.65 

I 

8095 

- 

46878 

110  h 

2752.88 

r 

7811 

- 

44126 

50 

2588.20 

I 

8095 

46720 

35 

2754.28 

II 

31083 

67380 

oov 

ZiJ7 1  .OO 

1 

8308 

46878 

99 

97';4  on 

Z  J  04-.  7U 

T 
1 

24834 

61123 

35 

2603.57 

I 

T'U  t  \JO 

22 

2755.27 

I 

35 

2622.86 

I 

8308 

_ 

46422 

22 

2756.75 

I 

24897 



61161 

22 

2625.32 

I 

8095 

— 

46174 

150 

2757.10 

I 

7927 

— 

44187 

18 

2626.60 

I 

8308 

— 

46368 

350 

2757.72 

II 

12148 

48399 

io 

ZUZ7.0Z 

I 
1 

8095 

46109 

ou 

97CO  QO 
Z  /  Oo.  Vo 

TT 
11 

38270 

74505 

35 

2642.12 

I 

690^7 

UZl/O  1 

80 

2759.39 

II 

0  IZ  17 

67440 

250 

2653.59 

II 

12033 



49706 

45 

2759.73 

II 

31169 

_ 

67394 

250 

2658.59 

II 

11962 

_ 

49565 

90  h 

2761.76 

I 

7927 

_ 

44126 

70 

2661.73 

II 

12148 

— 

49706 

750 

2762.59 

II 

12304 

— 

48491 

11 

12304 

— 

49838 

99 

97A^  (\fx 
Z  /DO.UD 

T 
1 

27817 

— 

63998 

70 

2663.68 

II 

11962 

— 

49493 

80  h 

2764.35 

I 

8095 

— 

44259 

440 

2666.02 

II 

12148 

— 

49646 

750 

2766.54 

II 

12497 

- 

48632 

280 

2668.71 

II 

12033 

_ 

49493 

22 

2767.54 

I 

25038 

_ 

61161 

350 

2671.81 

II 

12148 

— 

49565 

250  h 

2769.92 

I 

8095 

— 

44187 

280 

2672.83 

II 

12304 

— 

49706 

18 

2771.45 

I 

23934 

60005 

1800 

2677.16 

II 

45 

2778.06 

II 

07OZ0 

/  00  iU 

II 

12497 

I 

49838 

22 

2779.14 

I 

25106 

I 

61078 

35 

2678.16 

I 

7927 

_ 

45255 

80 

2780.30 

II 

33521 

_ 

69478 

II 

II 

38363 

_ 

74319 

320 

2678.79 

12033 

— 

49352 

1  o 

ZOOO.  j4 

TI 
11 

40415 

— 

77714 

ulU 

07QA  7A 
Z  (OU.  (U 

T 
1 

8308 

44259 

230 

2687.09 

II 

70 

2785.70 

II 

oyouo 

60 

2688.04 

I 

8095 

45286 

35 

2787.63 

II 

30865 

66727 

55 

2688.29 

11 

30157 

_ 

67344 

35 

2787.84 

I 

26 

2690.26 

I 

8095 

- 

45255 

90 

2792.16 

II 

33694 

— 

69498 

zovl.04 

If 
11 

12497 

— 

49646 

00 

07QQ  A7 
Z  (VO.O  / 

11 

35 

2693.52 

II 

70 

2800.77 

II 

OVOOo 

35 

2697.91 

II 

30299 

67354 

80 

2812.01 

II 

33619 

69171 

II 

39825 

76879 

II 

38563 

_ 

74114 

180 

2698.41 

II 

12304 

- 

49352 

60 

2818.36 

II 

33521 

— 

68993 

loU 

If 
11 

11962 

- 

49006 

9Q99  ftl 
ZoZZ.Ul 

TT 
11 

33418 

— 

68844 

18 

2700.60 

I 

8095 

45113 

180 

2822.37 

II 

30392 

65813 

110 

2701.99 

I 

8308 

45306 

22 

2826.75 

I 

27817 

63183 

18 

2702.53 

I 

24200 

61191 

180 

2830.47 

II 

30299 

65618 

70 

2703.48 

I 

8308 

45286 

70 

2834.26 

II 

34631 

69903 

2703.55 

II 

30392 

67369 

2500 

000c  /:o 
ZOOO.60 

11 

12497 

47752 

35 

2703.86 

II 

12033 

49006 

45 

2836.48 

II 

35608 

70852 

18 

2705.43 

I 

24056 

61008 

55 

2838.79 

II 

38270 

73486 

60 

2708.79 

II 

33521 

70427 

110 

2840.02 

II 

30219 

65420 

38 


Chromium  — all  observed  lines  —  Continued 


Intensity 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

Intensity 
and 

Wavelength 
in  A 

jpectrum 

Energy  levels 
in  cm"' 

1700 

TT 
11 

20 

OOQO  nc\ 

TT 

11 

01  Ivy 

oozo  / 

22 

2846.02 

I 

55 

2933.97 

II 

olUoo 

0010  / 

45 

2849.29 

I 

27817 



62903 

90 

2935.14 

II 

30865 

64924 

II 

30299 

- 

65384 

45 

2940.22 

II 

42987 

- 

76988 

1200 

2849.84 

II 

12148 

- 

47228 

60 

2946.84 

II 

34813 

- 

68738 

zool.oO 

II 
11 

oUlO  I 

002  lO 

ce 
00 

OQcq  OA 
2V0O.00 

IT 
11 

2yyo2 

03oU2 

55 

2853.22 

II 

o0219 

65257 

45 

2953.71 

II 

34631 

68477 

II 

42898 

77935 

55 

2961.73 

II 

30308 

64062 

55 

2855.07 

II 

32855 

- 

67871 

II 

33694 

— 

67449 

II 

35569 

- 

70585 

45 

2966.05 

II 

31219 

- 

64924 

OOf\ 

ooO 

OQCC  /;o 
zooo.oo 

TT 

12033 

47041 

480 

2967.64 

8095 

41782 

90 

2856.77 

II 

19631 

54626 

480 

2971.11 

7927 

41575 

70 

2857.40 

II 

19798 

54785 

210 

2971.91 

II 

30392 

64031 

610 

2858.91 

II 

12497 

— 

47465 

480 

2975.48 

I 

7811 

_ 

41409 

440 

2860.93 

II 

11962 

- 

46906 

30 

2976.72 

II 

30865 

- 

64449 

7on 

<yu 

TT 
11 

12304 

47228 

1  C\I\ 

190 

2919.1'i 

TT 

11 

30299 

63849 

750 

2865.11 

II 

12148 

47041 

350 

2980.79 

7751 

41289 

55 

2865.33 

II 

19528 

54418 

110 

2985^32 

II 

610 

2866.74 

II 

12033 

_ 

46906 

480 

2985.85 

I 

7927 

41409 

90 

2867.10 

II 

19631 

- 

54500 

1500 

2986.00 

I 

8095 

- 

41575 

480 

2867.65 

II 

11962 

46824 

2100 

2986.47 

8308 

— 

41782 

210 

2870.44 

11 

19798 

54626 

660 

2988  65 

7593 

41043 

110 

2871.63 

I 

8095 

42908 

160 

2989.19 

II 

UOUU 1 

160 

2873.48 

II 

12033 

_ 

46824 

480 

2991.89 

I 

7811 

_ 

41225 

90 

2873.82 

II 

19631 

- 

54418 

230 

2994.07 

I 

7593 

- 

40983 

OOA 

2875.99 

IT 
11 

20024 

54785 

300 

2995.10 

7593 

40971 

230 

2876.24 

II 

12148 

46906 

700 

2996.58 

J 

7927 

41289 

180 

2877.98 

II 

47041 

210 

2998.79 

I 

7';0^ 
1  ijyo 

70 

2878.45 

II 

12497 

47228 

1100 

3000.89 

I 

8095 

_ 

41409 

120 

2879.27 

I 

7927 

- 

42648 

750 

3005.06 

I 

8308 

- 

41575 

95 

2880.87 

IT 
11 

19798 

54500 

140 

3013.03 

7751 

40930 

30 

2881.14 

I 

24056 

58754 

710 

3013.71 

J 

7811 

40983 

170 

2887.00 

I 

7811 

— 

42439 

710 

3014^76 

I 

7811 

— 

40971 

55 

2888.74 

II 

36273 

- 

70880 

1400 

3014.92 

I 

7927 

- 

41086 

700 

2889.29 

I 

710 

3015.19 

I 

7751 

_ 

40906 

55 

2889.82 

Tf 
11 

32854 

67449 

2800 

3017.57 

I 

8095 

41225 

55 

2891.42 

I 

24200 

58775 

430 

3018.50 

I 

7811 

40930 

370 

2893.25 

I 

4.9fidft 

240 

3018.82 

I 

7097 

4.104.^ 

190 

2894.17 

I 

7751 

_ 

42293 

430 

3020.67 

I 

7811 

_ 

40906 

55 

2896.46 

II 

32854 

_ 

67369 

2800 

3021.56 

I 

8308 

- 

41393 

II 

40228 

- 

74743 

1100 

3024.35 

7927 

— 

40983 

210 

2896.75 

I 

7927 

— 

42439 

85 

3026  65 

II 

35708 

— 

68738 

55  d 

2897!67 

II 

35608 

- 

70108 

170 

3029. 16 

7927 

- 

40930 

2897.73 

II 

32845 

_ 

67344 

710 

3030.24 

I 

8095 

_ 

41086 

90 

2898.54 

II 

31219 

65710 

140 

3031.35 

I 

7927 

_ 

40906 

80 

2899.21 

I 

7811 

- 

42293 

28 

3032.93 

II 

21823 

— 

54785 

55 

2899.48 

II 

32855 

— 

67334 

390 

3034.19 

! 

8095 

— 

41043 

26 

2903.97 

II 

Q  1  1  1  Q 

0 1  Ho 

0004'0 

550 

3037.04 

ooUo 

55 

2904.68 

I 

24940 

59358 

80 

30a9.78 

I 

24200 

57088 

180 

2905.49 

I 

7811 

42218 

550 

3040.85 

I 

8095 

_ 

40971 

I 

42293 

3040.91 

II 

34631 

_ 

67506 

260 

2909.05 

7927 

- 

90 in  on 

i.^  lU.  VU 

I 
1 

8095 

— 

42439 

55 

3041.74 

II 

35611 

68477 

250 

2911.14 

I 

ooUo 

110 

3050!  14 

II 

9/Un 

0  /  OoV 

45 

"2911.68 

II 

35569 

69903 

710 

3053.88 

I 

8308 

41043 

60 

2913.73 

I 

25177 

_ 

59488 

24 

3059.52 

II 

21825 

_ 

54500 

22 

2915.23 

II 

35611 

- 

69903 

85 

3065.07 

24940 

— 

57557 

£tj  1  J.  tU 

II 

11 

39825 

— 

74114 

28 

3067  16 

II 

21824 

— 

54418 

90 

2921.24 

II 

40202 

74424 

85 

3073.68 

OC  1  7*7 

25177 

C  77AO 

57702 

60 

2921.82 

II 

31169 

65384 

55 

3077.83 

I 

25106 

57587 

60 

2927.08 

II 

38563 

72717 

28 

3095.86 

I 

21841 

54133 

80 

2928.15 

II 

30308 

64449 

28 

} 

24834 

56986 

VD 

IT 
11 

31118 

65257 

9ft 

O  I  iU.  ou 

24897 

57033 

II 

38509 

72649 

240 

3118.65 

II 

19528 

51584 

26 

2929.44 

II 

36273 

70399 

45 

3119.25 

25038 

57088 

35 

2930.85 

II 

29952 

64063 

40 

3119.71 

24940 

56986 

39 


Chromium  —  all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
incm~' 

430 

3120.37 

II 

19631 

_ 

51670 

360 

3408.76 

II 

20024 

49352 

28 

3122.60 

II 

33694 

- 

65710 

210 

3421.21 

II 

19528 

- 

48750 

470 

3124.94 

II 

19798 

- 

51789 

270 

3422.74 

II 

19798 

- 

49006 

3125.02 

II 

34659 

66650 

140 

3433.31 

II 

19631 

48750 

120 

3128.70 

11 

19631 

51584 

270 

3433.60 

20519 

49635 

590 

3132.06 

II 

20024 

51943 

55 

3434.11 

I 

20524 

49635 

140 

3136.68 

II 

19798 

_ 

51670 

160 

3436.19 

I 

20524 

_ 

49618 

140 

3147.23 

II 

20024 

- 

51789 

70 

3441.12 

I 

20521 

- 

49573 

II 

33619 

— 

65384 

140 

3441.44 

I 

20524 

— 

49573 

85 

3148.44 

I 

23934 

55686 

30 

3443.79 

I 

23934 

— 

52963 

100 

3155.15 

I 

24056 

55741 

170 

3445.62 

I 

20524 

49538 

100 

3163.76 

I 

24200 

- 

55799 

30 

3447.02 

I 

20517 

_ 

49520 

240 

3180.70 

II 

20513 

- 

51943 

170 

3447.43 

I 

20521 

- 

49520 

30 

3181.43 

II 

20520 

— 

51943 

70 

3447.76 

I 

20524 

— 

49520 

65  h 

3188.01 

I 

24092 

— 

55451 

190 

3453.33 

I 

20517 

- 

49467 

220 

3197.08 

II 

20S20 

51789 

40 

3453.74 

I 

AQ4.fi  7 

t'7'tU  I 

24 

3198.11 

I 

24092 

_ 

55353 

130 

3455.60 

I 

20524 



49454 

30 

3208.59 

II 

20513 

- 

51670 

100 

3460.43 

I 

24282 

- 

53172 

170 

3209.18 

II 

20518 

— 

51670 

65 

3465.25 

I 

20521 

- 

49371 

140 

3217.40 

II 

20513 

— 

51584 

40 

3467.02 

I 

24282 

— 

53117 

30 

3229.20 

I 

oo  1  I  o 

70 

3467.72 

I 

coooc 
DZooO 

28 

3234.06 

II 

45 

3469.59 

I 

"^^11  7 
OOil  / 

65 

3237.73 

I 

23934 

54811 

16 

3472.76 

I 

21841 

50628 

120 

3245.54 

I 

23934 

— 

54736 

24 

3472.91 

I 

23934 

- 

52720 

130 

3251.84 

I 

24056 

— 

54799 

40 

3473.61 

I 

21848 

— 

50628 

I 

/U 

o^o  1 .  o\J 

, 

95 

3259.98 

I 

24200 

54866 

55 

3481.54 

I 

24200 

_ 

52915 

30 

3295.43 

II 

33694 

- 

64031 

55 

3494.97 

I 

24056 

- 

52660 

24 

3307.02 

II 

33619 

- 

63849 

40 

3495.38 

II 

19798 

- 

48399 

55 

3324.06 

II 

19631 

- 

49706 

80 

3510.54 

I 

24200 

- 

52678 

II 

38509 

- 

68583 

II 

40 

3511.84 

ZUUZ4' 

28 

3326.59 

I 

24940 

_ 

54993 

120 

3550.64 

25771 

_ 

53927 

30 

3328.35 

II 

19528 

- 

49565 

80 

3558.52 

I 

25206 

- 

53299 

30 

3329.05 

I 

25177 

- 

55207 

130 

3566.16 

I 

25360 

- 

53394 

95 

3336.33 

II 

19528 

- 

49493 

130 

3573.64 

I 

21848 

- 

49823 

130 

3339.80 

II 

1  VOo  1 

80 

3574.04 

I 

dQRl  9 

110 

3342.59 

II 

1 Q70B 

330  h 

3574.80 

I 

91ft'^7 

30 

3343.34 

I 

24897 

54799 

3574.94 

I 

21848 

49812 

95 

3346.02 

I 

24200 

- 

54078 

19000 

3578.69 

I 

0 

— 

27935 

95 

3346.74 

I 

24056 

- 

53927 

160  h 

3584.33 

I 

25771 

— 

53663 

vo 

11 

1  Q/iQ  1 

lyooi 

ocQc  on 

11 
11 

65 

3349.07 

I 

24282 

54133 

17000 

3593.49 

0 

I 

27820 

55 

3349.32 

I 

25038 

- 

54887 

350 

3601.67 

I 

21841 

- 

49598 

30 

3351.60 

I 

25038 

- 

54866 

40 

3602.57 

I 

21848 

- 

49598 

55 

3351.97 

I 

0 

- 

29825 

85 

3603.74 

I 

21848 

- 

49589 

I 

3603.78 

II 

21824 

- 

49565 

55  h 

3353.03 

OlUoo 

OUB  /  1 

3353.13 

II 

20024 

49838 

13000 

3605.33 

I 

0 

27729 

170 

3358.50 

II 

19798 

- 

49565 

40 

3608.40 

I 

31049 

- 

58754 

160 

3360.30 

II 

25034 

- 

54785 

40 

3609.48 

I 

20521 

- 

48218 

65 

3361.77 

II 

25047 

- 

54785 

40 

3610.05 

I 

20517 

- 

48210 

55 

3362.21 

I 

70 

3612.61 

J 

olUOD 

c:q79q 
oo  / /o 

430 

3368.05 

II 

20024 

49706 

85 

3615.64 

I 

0 

27650 

30 

3376.40 

I 

31048 

- 

60657 

130 

3632.84 

I 
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Cobalt 

Co,  Z  =  27,  M  =  58.9332,  Ratio     ^  =  0.9274 


Co  I  Normal  state  of  valence  electrons  Sd^is^  ^Fi  1/2=  0.  LP.  =  63430  cm-^. 
Co  II  Normal  state  of  valence  electrons  3d^      =  0. 1. P.  =  137572  cm  ~' 
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^n 

OU 

ZWo.  10 

17234 

50611 

95 

2572.24 

I 

120 

3000.55 

I 

816 

34134 

65 

2573.40 

I 

4690 

_ 

43538 

330 

3013.60 

I 

0 

_ 

33173 

75 

2573.54 

I 

4143 

_ 

42988 

690 

3017.55 

I 

816 

_ 

33946 

960 

2574.35 

816 

— 

39649 

120 

3026.37 

15184 

48217 

6o 

IT 
11 

13405 

52230 

00 

1407 

34352 

35 

2575.73 

210 

3042.48 

I 

816 

33674 

770 

2580.33 

II 

9813 

_ 

48556 

3100 

3044.00 

I 

0 

_ 

32842 

120 

2580.84 

4690 

- 

43426 

420 

3048.89 

I 

1407 

- 

34196 

310 

2582.24 

II 

11322 

— 

50036 

120 

3060.05 

15774 

48444 

OCQC  OA 

ZD0J.O4 

8461 

47129 

1 7nn 

qnftl  Q9 
ouo 1 . oz 

816 

33467 

310 

2587.22 

II 

1  n7nQ 

50 

3062.20 

I 

0 1  u 

OOt-UO 

150 

2590.59 

7442 

_ 

46032 

65 

3064.37 

I 

816 

_ 

33440 

120 

2591.69 

I 

4690 

_ 

43264 

920 

3072.34 

I 

1407 

— 

33946 

75 

2594.16 

I 

1809 

— 

40346 

540 

3082.62 

{ 

0 

— 

32431 

55 

2600.98 

3483 

— 

41918 

0  /U 

QAQA  70 

1809 

34196 

95 

2606.12 

j 

oU/0 

A  OA 

270 

3089.60 

I 

OlO 

^'^  1  71 
00  I/O 

40 

2610.76 

J 

4143 

42434 

220 

3098.20 

I 

1407 

I 

33674 

95 

2613.49 

II 

13261 

_ 

51512 

270 

3121.42 

I 

0 

32028 

75 

2614.13 

1407 

— 

39649 

95 

3121.57 

} 

816 

32842 

150 

2614.36 

f  f 
11 

17772 

— 

56011 

ooU 

olo  1 .00 

1809 

33674 

120 

2616.26 

o401 

400  /  Z 

270 

3139.94 

J 

Rift 
0  lU 

19ft'^d. 

OZU04 

75 

2617.86 

J 

5076 

43264 

410 

3147.06 

I 

1407 

33173 

95 

2622.06 

[ 

4143 

_ 

42269 

95 

3152.71 

I 

16196 

_ 

47905 

95 

2622.43 

4690 

- 

42811 

410  d 

3154.68 

} 

16471 

— 

48160 

270 

2627. o4 

3483 

— 

41529 

0  1  C/i  70 

15184 

_ 

46873 

130 

2632.24 

II 

18032 

56011 

350 

3158.78 

I 

816 

32465 

55 

2644.78 

8461 

46260 

130 

3177.27 

I 

310 

2646.42 

J 

4143 

41918 

130 

3188.37 

I 

15774 

47129 

770 

2648.64 

I 

3483 

41226 

95 

3219.15 

j 

816 

31871 

75 

2649.94 

8461 

46186 

130 

0000    0  T 

3232.87 

16471 

47394 

95 

2650.27 

5076 

42797 

220 

3243.84 

15184 

46003 

150 

2663.53 

II 

9813 

47346 

260 

3247.18 

15184 

45971 

120 

2675.98 

5076 

42434 

380 

3254.21 

15184 

45905 
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Intensity 

and 
Character 

Wavelength  c 

■    I  ^  spectrum 
in  A 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelenetn  0 

•    X  "  bpectrum 
in  A 

Energy  levels 
in  cm"' 

260 

3260.82  I 

16471  - 

47129 

1300 

3520.08  I 

816 

- 

29216 

130 

3271.78  I 

15774  - 

46330 

2700 

3521.57  I 

3483 

- 

31871 

CIA 

16778  - 

47225 

QCOO    AO  T 

5076 

33449 

QA 

0907  IQ  1 

15774  - 

46186 

ODZO.oD  1 

n 

V 

1  9A 

Qon7  1  c:  T 

07AA 

^c:oQ  AQ  T 

£.7  loo 

190 

3314.08  I 

14036  - 

44202 

7300 

3529.81  I 

4143 

- 

32465 

240 

3319.48  I 

23612  - 

53728 

1900 

3533.36  I 

1809 

- 

30103 

240 

ooZz.zU  1 

16471  - 

46563 

OTA 

2  /U 

004o.20  1 

15184 

— 

43399 

190 

0  DOC   Od  T 

3325.24  1 

ioiyo 

AC 

95 

DC  A  0   A  A  T 

3548.44  1 

16  lyO 

OCA 

aazo.yy  1 

2oOiZ  — 

ooOou 

C  /I  A 

540 

Q  C  C  A     A  T 
055U.OU  1 

^  A  AT 

700 

3334.14  I 

3483  - 

33467 

95 

3552.99  I 

15774 

_ 

43911 

190 

3339.78  I 

23856  - 

53789 

95 

3558.78  I 

4690 

- 

32782 

160 

3342.73  1 

16778  - 

46685 

1100 

0  c       on  T 

3560.89  1 

5076 

- 

33151 

190 

3346.94  I 

23856  - 

53725 

880 

3564.95  I 

4690 

32733 

1  1  A 

110 

0  0  /I  0   1  1  T 

3348.11  1 

16471  - 

46330 

8800 

3569.38  1 

7442 

35451 

610 

3354.38  I 

4143  - 

33946 

1600 

3574.96  I 

4690 

32654 

110 

3361.56  I 

24628  - 

54367 

2500 

3575.36  I 

816 

- 

28777 

1  1  A 

110 

9       0   OA  T 

3362.80  1 

24628  - 

54356 

50 

3578.08  1 

18390 

- 

46330 

570 

3367.11  I 

3483  - 

33173 

50  d 

3578.90  I 

14036 

41970 

110 

3370.33  1 

4690  - 

34352 

3579.03  I 

14036 

41969 

no 

3373.23  I 

18390  - 

48026 

1000 

3585.16  I 

4143 

32028 

960 

3385.22  I 

4143  - 

33674 

6700 

3587.19  I 

8461 

- 

36330 

1100 

3388.17  I 

4690  - 

34196 

1900 

3594.87  1 

1407 

- 

29216 

2200 

3395.38  1 

4690  - 

34134 

1600 

0£AO   AO  T 

3602.08  1 

1809 

29563 

11000 

3405.12  I 

3483  - 

32842 

940 

3605.36  1 

4143 

31871 

4500 

3409.18  I 

4143  - 

33467 

210 

3611.70  I 

18775 

_ 

46455 

6700 

3412.34  I 

4143  - 

33440 

75 

3615.39  I 

15774 

- 

43426 

2200 

3412.63  I 

0  - 

29295 

45 

3620.43  I 

18390 

- 

46003 

510 

3414.74  I 

5076  - 

34352 

40 

3624.33  1 

14399 

41983 

2700 

3417.16  I 

4690  - 

33946 

75 

3624.96  I 

5076 

32654 

220 

3424.51  I 

16778  - 

45971 

1000 

3627.81  I 

4143 

31700 

80 

3428.23  I 

24628  - 

53789 

150 

3631.39  I 

816 

- 

28346 

2500 

3431.58  I 

816  - 

29949 

130 

3632.84  I 

23184 

- 

50703 

4500 

3433.04  I 

5076  - 

34196 

150 

3634.71  I 

23208 

50712 

80 

3438.91  I 

26450  - 

55521 

75 

3636.72  I 

15774 

43264 

1600 

3442.93  I 

1407  - 

30444 

210 

3639.44  I 

15774 

43243 

8800 

3443.64  I 

4143  - 

33173 

130 

3641.79  I 

16471 

- 

43922 

110 

3446.09  I 

25938  - 

54948 

150 

3643. 18  I 

16471 

- 

43911 

4100 

3449.17  I 

4690  - 

33674 

110 

3647.66  I 

1809 

29216 

2100 

3449.44  I 

3483  - 

32465 

190 

3649.35  I 

23184 

50579 

21000 

3453.50  I 

32431 

680 

3652.54  I 

1407 

28777 

1000 

3455.23  I 

1809  - 

30743 

65 

3654.45  I 

15774 

- 

43130 

110 

3456.93  I 

816  - 

29735 

55 

3656.97  I 

4690 

- 

32028 

300 

3461.18  I 

25569  - 

54452 

280 

3662.16  I 

18390 

"■ 

45688 

5100 

3462.80  I 

5076  - 

33946 

260 

3676.55  I 

23184 

50376 

5100 

3465.80  I 

0  - 

28845 

380 

3683.05  I 

16778 

43922 

95 

3471.38  I 

25569  - 

54367 

75 

3684.48  I 

16778 

— 

43911 

8000 

3474.02  I 

0  - 

28777 

65 

3690.72  1 

16468 

- 

43555 

I 

4690  - 

33467 

230 

3693.11  I 

16778 

43848 

65 

3478.56  I 

18390  - 

47129 

230 

0£r\0    AO  T 

3693.48  1 

16471 

43538 

1900 

3483.41  I 

4143  - 

32842 

280 

3702.24  I 

23208 

50211 

380 

3485.37  I 

25139  - 

53822 

680 

3704.06  I 

8461 

- 

35451 

4800 

3489.40  I 

7442  - 

36092 

55 

3707.47  I 

16471 

- 

43436 

95 

3490.74  I 

4143  - 

32782 

230 

3708.82  I 

16471 

— 

43426 

480 

3491.32  I 

1809  - 

30444 

45 

3712.18  I 

16468 

— 

43399 

2400 

3495.69  I 

OU  (  u 

OJ\J  1 1 

23 

3726.66  I 

13796 

40622 

480 

3496.68  I 

4143  - 

32733 

280 

3730.48  I 

15184 

_ 

41983 

9600 

3502.28  I 

3483  - 

32028 

380 

3732.40  I 

15184 

41969 

570 

3502.62  I 

1407  - 

29949 

190 

3733.49  I 

16778 

43555 

7000 

3506.32  I 

4143  - 

32654 

95 

3734. 14  I 

16471 

43243 

2900 

3509.84  I 

4690  - 

33173 

150 

3735.93  I 

16778 

43538 

1400 

3510.43  I 

816  - 

29295 

1100 

3745.50  I 

7442 

34134 

4800 

3512.64  I 

4690  - 

33151 

110 

3749.94  I 

16471 

43130 

3800 

3513.48  I 

816  - 

29270 

45 

3751.63  I 

16778 

43426 

4800 

3518.35  I 

8461  - 

36875 

40 

3754.35  I 

20501 

47129 
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Cobalt  — all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength  ^ 

^  opecirum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  Spectrum 

Energy  levels 
in  cm"' 

110 

01CC    A  Z  T 

3755.45  1 

1 A77Q 
iO  t  to 

140 

4068.54  I 

15/ /4 

4Uo4o 

26 

3760.39  I 

280 

4.nRfi  31  I 

1  C  1  O/l 

oyo4y 

55 

3774.60  I 

16778 

_ 

43264 

830 

4092.39  I 

7442 

31871 

35 

3777.54  I 

16778 

- 

43243 

30 

4104.75  I 

18775 

- 

43130 

70 

3808.11  I 

3483 

— 

29735 

550 

4110.54  I 

8461 

- 

32782 

70 

OOI  A   A  a  T 

3814. 46  1 

1  '^77d 

LO  t 

2800 

4118.77  I 

o401 

OZ  too 

3816  33  I 

I 

4400 

4121.32  I 

"7  A  AO 

/44z 

0 1  7nn 

120 

3816.47  I 

15774 

41969 

28 

4158^42  I 

23184 

47225 

60 

3841.46  I 

7442 

- 

33467 

45  h 

4162.17  I 

28845 

- 

52864 

1400 

3842.05  I 

7442 

- 

33463 

28 

4187.25  I 

16471 

- 

40346 

6900 

3845.47  I 

7/1/10 

OOAAf\ 

90 

4190.71  I 

u 

OQO  Crf; 
ZooOO 

650 

3861  16  I 

\J\J\J  1.  »  l.\J  X 

Q/t  A  1 

owl 

0,1  Q  CO 
0'iOO£ 

23 

4234  00  I 

0 

OO^  1  o 

5500 

3873.12  I 

3483 

29295 

60 

4252.31  I 

816 

24326 

2800 

3873.96  I 

4143 

- 

29949 

23 

4285.79  I 

1407 

- 

24733 

280 

3876.84  I 

3483 

- 

29270 

23 

4331.24  I 

27497 

- 

50579 

790 

3881.87  I 

4690 

30444 

45 

4339.62  I 

20501 

43538 

120 

38R4  69  T 

8461 

34196 

^o 

4'^71  1^  T 

4*0  1  I,  lO  1 

16778 

39649 

60 

3885.29  I 

7442 

33173 

23  h 

4373.63  I 

9R^d.fi 

^OO'tU 

•il  90/1 

28 

3892.12  I 

20501 

_ 

46186 

18 

4391.57  I 

24326 

_ 

47091 

28  h 

3893.07  I 

18775 

- 

44455 

23 

4417.40  I 

24733 

_ 

47365 

7900 

3894.08  I 

8461 

34134 

18 

4421.34  I 

23612 

— 

46223 

3RQ4.  OR  I 

5076 

30743 

lU 

4.4.91  f,0  T 

23208 

45767 

28 

3898.49  I 

15184 

40828 

18 

4445.72  I 

9'iOd,l 

^ijU'T  1 

d,7'i9R 

28  h 

3904.05  I 

28845 

_ 

54452 

60 

4466.89  I 

24326 

_ 

46707 

140 

3906.29  I 

4143 

- 

29735 

90 

4469.56  I 

23856 

— 

46223 

160 

3909.93  I 

0 

25569 

35 

4471.55  I 

24733 

47091 

14.0 

3017  1 1  I 

0711.11  1 

18390 

43911 

91 
^  1 

4.d7R  '^9  I 

25041 

47365 

80 

3922.75  I 

8461 

33946 

18 

4483.93  I 

9'i9'?'^ 

^OZ/OO 

4.7'i9R 
T"  t  o^o 

30 

3925.16  I 

21216 

_ 

46685 

16 

4494.76  I 

28471 

_ 

50712 

28  h 

3929.25  I 

28346 

- 

53789 

35 

4517.11  I 

25233 

- 

47365 

30 

3933.91  I 

4690 

— 

30103 

690 

4530.96  I 

23612 

— 

45676 

.7  1  1 

7442 

32842 

7(1 

^ooo, yy  1 

25041 

47091 

160 

3940.89  I 

0\J  1  u 

60 

4543.81  I 

91090 

4.^099 

250 

3941.73  I 

3483 

28845 

90 

4549.66  I 

24733 

46707 

210 

3945.33  I 

7442 

_ 

32782 

140 

4565.59  I 

24326 

— 

46223 

45 

3952.33  I 

3483 

— 

28777 

16  h 

4570.02  I 

29295 

— 

51170 

7442 

32733 

T'OOU.  1  'T  1 

7442 

29270 

210 

3957.94  I 

0004,0 

190 

4581.60  I 

91R'ifi 
^ooou 

d.'ifi7fi 
4'OU  t  \J 

45 

3961.00  I 

21216 

_ 

46455 

35  h 

4594.63  I 

29295 

_ 

51053 

100 

3969.12  I 

20501 

— 

45688 

35  h 

4596.90  I 

29295 

_ 

51042 

80 

3972.53  I 

28346 

— 

53512 

14 

4623.04  I 

25740 

— 

47365 

on 

OV  to. ID  1 

15184 

40346 

1R  h 
lO  11 

<lfi9'i  7R  I 

J.  (  O  1 

29949 

51561 

90 

3974.73  I 

£,y^yo 

120 

4629.38  I 

94^90 

4.fi991 

28 

3977.18  1 

18775 

_ 

43911 

85 

4663.41  I 

25269 

46707 

140 

3978.66  1 

4143 

— 

29270 

50 

4682.38  I 

25740 

- 

47091 

120 

3979.52  I 

816 

— 

25938 

45 

4693.21  I 

26063 

— 

47365 

0QQ7    lO  I 

4143 

— 

29216 

1 1 

'+070.00  1 

26250 

47528 

70 

3990.30  1 

/lOQOQ 

9 

4727.94  I 

9/lQO 
o40o 

9/1A9Q 

70 

3991.54  I 

29270 

54316 

7 

4734.83  I 

26250 

47365 

70 

3991.69  I 

4690 

_ 

29735 

50 

4749.68  I 

24628 

_ 

45676 

45 

3994.54  I 

5076 

- 

30103 

9 

4754.36  I 

26063 

— 

47091 

OUUO 

dVVb.Jl  1 

7442 

— 

32465 

1 1 
1 1 

47AO  nft  T 
4'/OO.UO  1 

25740 

46707 

970 

3997.91  I 

QA^  1 

o4d  1 

00/1 A7 

35 

4771.11  I 

9t;9<;0 

'tOZZo 

70 

4013.94  I 

16196 

41102 

35 

4776.32  I 

26598 

47528 

23 

4019.30  I 

4690 

_ 

29563 

50 

4780.01  I 

26450 

_ 

47365 

350 

4020.90  I 

3483 

- 

28346 

110 

4792.86  I 

26232 

— 

47091 

4UZJ.4U  1 

15774 

— 

40622 

7=; 

t  o 

4813.48  I 

25938 

46707 

70 

4027.04  I 

100 

4840.27  I 

£,ooijy 

H-OZZO 

90  h 

4035.55  I 

28845 

53618 

11 

4843.46  I 

26450 

47091 

370 

4045.39  I 

8461 

33173 

150 

4867.88  I 

25139 

45676 

60 

4052.92  I 

28845 

53512 

14 

4882.72  I 

26232 

46707 

/inc7  on  | 
41)0/. ZU  1 

1809 

26450 

10 

4899.52  I 

16471 

36875 

80 

4058.19  I 

4143 

28777 

10 

5108^89  I 

31700 

51268 

80 

4058.60  I 

16196 

40828 

17 

5122.77  I 

29563 

49078 

350 

4066.37  I 

7442 

32028 

14 

5125.69  I 

31700 

51204 
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Tnt^nQltv 
XII IC  lloit  J 

Wavelength  c 

Energy  levels 
in  cm"' 

iniciiaiiy 
311(1 

Wavelength  g 

j„  ^  Spectrum 

Energy  levels 
in  cm"' 

17 

5126.20  I 

29216 

_ 

48719 

4 

5830.08  I 

28777 

-  45925 

17 

5133.45  I 

31700 

- 

51174 

12 

5890.48  I 

164«8 

-  33440 

35 

5146.74  I 

28777 

- 

48202 

12 

5915.54  I 

17234 

-  34134 

17 

5154.05  I 

31871 

51268 

6 

5935.39  I 

15184 

-  32028 

17 

5156.34  1 

32733 

52121 

5 

5946.49  I 

29563 

-  46375 

21 

5176.08  I 

16778 

36092 

7  h 

5984.08  I 

i4nifi 

50 

5212.71  I 

28346 

47524 

17 

5991.88  I 

16778 

-  33463 

50 

5230.22  I 

14036 

- 

33151 

9 

6000.67  I 

29216 

-  45877 

45 

5235.21  I 

17234 

— 

36330 

6  h 

6006.36  I 

35451 

-  52095 

50 

5247.93  I 

14399 

- 

33449 

6  h 

6007.67  I 

36330 

-  52971 

10 

5250.00  I 

OOD  t  Ht 

"^971  7 
III 

6  h 

6049. 10  I 

oOooU 

roor  7 

9 

5254.65  I 

32028 

I 

51053 

17 

6082.44  I 

28346 

-  44782 

17 

5257.62  I 

32028 

- 

51042 

7 

6086.65  I 

27497 

-  43922 

9 

5265.82  I 

29216 

- 

48202 

12 

6093.13  I 

14036 

-  30444 

26 

5266.30  I 

29735 

- 

48719 

9 

6116.98  I 

14399 

-  30743 

45 

5266.49  I 

lowo 

9 

6122.65  I 

00777 

lain 

AC1  f\£. 

—  45106 

26 

5268.52  I 

30103 

49078 

12 

6189.00  I 

13796 

-  29949 

17  h 

5276.19  I 

33173 

- 

52121 

7 

6230.97  I 

14399 

-  30444 

45  h 

5280.65  I 

29270 

- 

48202 

9 

6249.51  I 

16468 

-  32465 

9 

5283.49  I 

33173 

- 

52095 

6  h 

6257.58  I 

29949 

-  45925 

7 

5287.57  I 

5 

6273  03  I 

32782 

-  48719 

8 

5287.81  I 

32654 

51561 

17 

6282.63  I 

14036 

-  29949 

26 

5301.06  I 

13796 

- 

32654 

6 

6320.41  I 

35451 

-  51268 

4 

5310.20  I 

33946 

- 

52772 

6  h 

6347.83  I 

35451 

-  51200 

17  h 

5312.66  I 

33946 

- 

52764 

5 

6395.20  I 

30743 

-  46375 

10 

5316.78  I 

oizoo 

9 

6417.82  I 

1  077C 

0  /f  0  CO 

3 

5321.72  I 

33674 

52460 

5 

6429!91  I 

17234 

-  32782 

15  h 

5325.28  I 

32431 

- 

51204 

45 

6450.24  I 

13796 

-  29295 

5 

5325.95  I 

33946 

- 

52717 

21 

6455.00  I 

29295 

-  44782 

21 

5331.47  I 

14399 

- 

33151 

8  h 

6477.88  I 

30444 

-  45877 

8 

5332.67  I 

28777 

4/oz4 

6  h 

6490  34  I 

1  £.AliO 

16468 

0  1  07  1 

8 

5333.65  I 

32431 

51174 

3 

6551.44  I 

15184 

-  30444 

8 

5334.84  I 

32431 

- 

51170 

15 

6563.42  I 

16468 

-  31700 

12  h 

5341.33  I 

33440 

- 

52156 

7 

6595.90  I 

29949 

-  45106 

50 

5342.71  I 

32431 

- 

51143 

15 

6632.44  I 

18390 

-  33463 

26 

5343  39  I 

32465 

C  1  1  "7/1 

51174 

3 

6678.81  I 

1  CT7A 

15774 

'inn  A  o 

-  30743 

7 

5347.49  I 

33467 

52162 

11 

6771.06  I 

15184 

-  29949 

7 

5349.09  I 

33467 

- 

52156 

14 

6814.94  I 

15774 

-  30444 

50 

5352.05  I 

28845 

- 

47524 

14 

6872.40  I 

16196 

-  30743 

26 

5353.48  I 

33440 

- 

52114 

3 

6937.81  I 

21920 

-  36330 

14 

5359  18  I 

33467 

52121 

11 

7016.61  I 

16196 

-  30444 

21  h 

5362.77  I 

34134 

52775 

4 

7027^81  I 

31700 

-  45925 

35 

5369.58  I 

14036 

- 

32654 

21 

7052.89  I 

15774 

-  29949 

6 

5381.10  I 

15774 

- 

34352 

5 

7054.04  I 

21920 

-  36092 

9  h 

5381.75  I 

34196 

- 

52772 

45 

7084.99  I 

15184 

-  29295 

It  fi 

33674 

52162 

4 

7113.56  I 

31871 

-  45925 

7  h 

5436.99  I 

33173 

51561 

3 

7134^32  I 

32733 

-  46746 

21  h 

5444.57  I 

32842 

_ 

51204 

4 

7154.71  I 

16471 

-  30444 

7 

5452.30  I 

30743 

- 

49078 

4 

7159.18  I 

32782 

-  46746 

17  h 

5454.56  I 

32842 

- 

51170 

2 

7193.60  I 

32028 

-  45925 

7 

15184 

33463 

3 

7285  28  I 

23153 

-  36875 

9 

5470.46  I 

10444 

48719 

3 

7354.59  I 

15184 

-  28777 

9 

5477.08  I 

29949 

_ 

48202 

5 

7388.70  I 

21920 

-  35451 

45 

5483.34  I 

13796 

_ 

32028 

8 

7417.38  I 

16471 

-  29949 

9 

5483.96  I 

29295 

_ 

47524 

5 

7457.36  I 

31700 

-  45106 

8  h 

O  11 

32842 

51053 

2 

7533  48  I 

32654 

-  45925 

4 

5495.67  I 

4o0oo 

4 

7553.99  I 

11R71 
o  lo  /  1 

4-0  lUO 

12 

5523.29  I 

18775 

36875 

1 

7564.96  I 

39649 

-  52864 

7  h 

5524.98  I 

33173 

51268 

2 

7586.72  I 

23153 

-  36330 

17 

5530.77  I 

13796 

31871 

2  h 

7590.57  I 

16778 

-  29949 

4 
0 

crro  Qo  T 
OOOO.OZ  I 

28471 

46455 

o  n 

iOUO. OU  1 

32782 

-  45925 

15 

5590.73  I 

16471 

34352 

3  h 

7610.24  I 

21216 

-  34352 

6  h 

5636.12  I 

33463 

51201 

8 

7712.68  I 

20501 

-  33463 

17 

5647.22  I 

18390 

36092 

2 

7734.23  I 

33449 

-  46375 

3 

5659.11  I 

16468 

34134 

2 

7743.27  I 

31871 

-  44782 

50 


Cobalt— all  observed  lines  —  Continued 


Intensity 

and 
Character 

Waveleneth  o 

.    !  "  Spectrum 
in  i\ 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 

in  A. 

Spectrum 

Energy  levels 
in  cm"' 

5 

7838.17  I 

32028  - 

44782 

9 

8093.96 

I 

32431  - 

44782 

2 

7840.05  I 

33173  - 

45925 

32465  - 

2 

7855.85  I 

33151  - 

45877 

2 

8116.41 

I 

44782 

1 

7869.90  I 

33173  - 

45877 

1 

8152.11 

I 

32842  - 

AC  1  f\C 

45106 

\ 

7871.39  I 

33674  - 

46375 

4 

8193.03 

I 

33674  - 

45877 

3 

8208.66 

I 

34196  - 

46375 

7 

7908.71  I 

32465  - 

45106 

9 

8372.84 

I 

32842  - 

44782 

3 

7926.55  I 

9 

7987.38  I 

16778  - 

29295 

3 

8378.39 

I 

33173  - 

45106 

13 

8007.27  I 

33440  - 

45925 

2  h 

8574.57 

I 

21780  - 

33440 

3 

8022.13  I 

33463  - 

45925 

4 

8575.35 

I 

22475  - 

34134 

1 

8586.74 

I 

33463  - 

45106 

3 

8029.26  1 

32654  - 

45106 

3 

8589.73 

33467  - 

45106 

5 

8043.33  I 

33946  - 

46375 

6 

8056.06  I 

33467  - 

45877 

2 

8661.09 

21920  - 

33463 

1 

8066.49  I 

34352  - 

46746 

3 

8819.15 

41529  - 

52864 
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Copper 


Cu,  Z  =  29,  M  =  63.546,  Ratio      =  1.0000 


Cu  I  Normal  state  of  valence  electrons  Sd^Hs        =  0.  LP.  =  62317  cm'^. 
Cu  II  Normal  state  of  valence  electrons  3d^^  ^So  =  0.  LP.  =  163666  cm-i. 

References 

Wavelengths  and  Classification: 

Cul,  A.  G.  Shenstone,  Phil.  Trans.  Roy.  Soc.  (London)  [A]  241,  297  (1948). 
Cu  II,  A.  G.  Shenstone,  Phil.  Trans.  Roy.  Soc.  (London)  [A]  2  3  5,  195  (1936). 


Copper—  all  observed  lines 


Intensity 

and 
G  harac ter 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

5500 

11 

21929 

-  71920 

240 

2961. 16 

J 

11203 

44963 

2400 

O  AO  /I  OA 

2024.34 

I 

0 

-  49383 

40 

13245 

46598 

1600 

2035.84 

II 

23998 

-  73102 

70 

£.r\ 
OU 

40 

3010.84 
oUoO.  iu 
3063.41 

11203 
13245 
13245 

44406 
46173 
45879 

2200 
3800 

2037.12 
2043.79 

II 
II 

22847 
21929 

-  71920 

-  70842 

T 

} 

650 

2112.09 

II 

26265 

-  73596 

25 

3093.99 

11203 

43514 

2000 

2135.98 

II 

21929 

-  68731 

80 

3194.10 

13245 

44544 

700 

2138.53 

11203 

-  57949 

25 

3208.23 

13245 

44406 

1400 

2165.09 

0 

-  46173 

50000 

3247.54 

0 

30784 

1800 

2178.94 

0 

-  45879 

25000 

3273.96 

0 

30535 

1200 

2181.72 

0 

-  45821 

40 

3279.82 

13245 

43726 

360 

2192.26 

II 

22847 

-  68448 

80 

3307.95 

40909 

71131 

1700  d 

2199.58 

11203 

-  .56651 

70 

'  3337.84 

11203 

41153 

2199.75 

13245 

-  58691 

35 

3599.13 

43514 

71291 

550 

2214.58 

11203 

-  56344 

35 

3602.03 

43514 

71268 

460 

2225.70 

0 

-  44916 

20  h 

4022.63 

30535 

55388 

950 

2227.78 

13245 

-  ,58119 

40 

4275.11 

39019 

62403 

1200 

2230.08 

11203 

-  56030 

20 

4530.78 

30784 

52849 

400 

2247.00 

II 

21929 

-  66419 

80 

4651.12 

40909 

62403 

280 

2293.84 

11203 

-  54784 

400 

5105.54 

11203 

30784 

50 

2369.89 

II 

26265 

-  68448 

200 
240 

5153.24 
5218.20 

30535 
30784 

49935 
49942 

70 

2441.64 

0 

-  40944 

360 

2492.15 

0 

-  40114 

40 

5220.07 

30784 

49935 

400 

2618.37 

11203 

-  49383 

40  h 

.5292.52 

43514 

62403 

50 

2700.96 

II 

73353 

-  110366 

100 

5700.24 

13245 

30784 

80 

2766.37 

13245 

-  49383 

400 

5782.13 

13245 

30535 

200 

7933.13 

30535 

43137 

500 

2824.37 

11203 

-  46598 

50 

2882.93 

11203 

-  45879 

400 

8092.63 

I 

30784 

43137 
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Dysprosium 


Dy,  Z  =  66,  M  =  162.5,  Ratio  ^  =  2.557 

Lu 

Dy  I  Normal  state  of  valence  electrons  4^f%s^  ^Ig  =  0.  LP.  =  47810  cm-^ 
Dy  II  Normal  state  of  valence  electrons  4f%s         =  0.  LP.  =  94100  cm-i. 

References 

Wavelengths: 

J.  G.  Conway  and  E.  F.  Worden,  Univ.  Cal.  Rad.  Lab.,  UCRL-19944  (1970). 

Spectrum  Assignments: 

A.  S.  King,  Astrophys.  J.  72,  221  (1930). 

A.  S.  King  and  C.  E.  Moore,  Astrophys.  J.  98,  33  (1943). 

A.  S.  King,  unpublished  material  (1956). 

J.  G.  Conway  and  E.  F.  Worden,  Univ.  Cal.  Rad.  Lab.,  UCRL-19944  (1970). 
Classification: 

J.  G.  Conway  and  E.  F.  Worden,  J.  Opt.  Soc.  Am.  61,  704  (1971). 
J.  F.  Wyart,  Thesis,  Univ.  Paris-Sud,  Orsay  (1973). 

Molecular  Spectra: 

DyO,  A.  Gatterer,  J.  Junkes  and  E.  W.  Salpeter,  Molecular  Spectra  of  Metallic  Oxides  (Specola  Vaticana, 
Vatican,  1957). 


Strong  lines  of  dysprosium 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

22000 

3531.70 

II 

0 

-  28306 

4400 

3523.98 

II 

4341 

-  32709 

16000 

4211.72 

I 

0 

-  23736 

4400 

3534.96 

II 

828 

-  29109 

14000 

3968.39 

II 

0 

-  25192 

4400 

3538.52 

II 

0 

-  28252 

12000 

4045.97 

I 

0 

-  24708 

4400 

3550.22 

II 

4755 

-  32914 

12000 

4186.82 

I 

0 

-  23877 

4400 

3576.24 

II 

4755 

-  32709 

11000 

3645.40 

II 

828 

-  28252 

4400 

4218.09 

I 

4134 

-  27834 

10000 

3944.68 

II 

0 

-  25343 

4400 

4221.11 

I 

4134 

-  27817 

8000 

4000.45 

II 

828 

-  25818 

4000 

3630.24 

II 

4341 

-  31879 

7400 

4077.96 

II 

828 

-  25343 

3900 

4103.30 

II 

828 

-  25192 

7000 

3872.11 

II 

0 

-  25818 

3800 

3393.57 

II 

828 

-  30287 

6800 
5800 

4194.84 
3898.53 

I 

II 

0 

4755 

-  23832 

-  30399 

3800 

3445.57 

II 

0 

-  29014 

5700 

4167.97 

I 

0 

-  23985 

3700 

4215.16 

I 

0 

-  23717 

5500 

3536.02 

II 

4341 

-  32613 

3300 

3585.06 

II 

0 

-  27885 

5300 

3385.02 

II 

828 

-  30361 

3300 

3786.18 

II 

828 

-  27232 

2700 

3454.32 

II 

828 

-  29769 

5300 

3407.80 

II 

0 

-  29336 

II 

4700 

3694.81 

II 

828 

-  27885 

2700 

3978.57 

7463 

-  32591 

4700 

3757.37 

II 

828 

-  27435 

2700 

4225.16 

I 

7050 

-  30711 

4400 

3460.97 

II 

0 

-  28885 

2500 

4073.12 

II 

4341 

-  28885 

4400 

3494.49 

II 

828 

-  29436 

2300 

3836.50 

II 

4341 

-  30399 
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Dysprosium— all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

260 

2356.91 

II 

70 

2848.93 

I 

65 

2381.95 

85 

2856.42 

II 

130 

000*7  0£ 

TT 
11 

17 

2857.01 

II 

15530 

-  50521 

150 

z392. 15 

40 

2857.11 

II 

180 

z402.z9 

TT 
11 

50 

2859.72 

II 

240 

2410.01 

II 

55 

2860.17 

II 

4341 

-  39293 

150 

2422.75 

II 

70 

2860.67 

II 

260 

2439.84 

TT 
11 

140 

2862.70 

I 

0 

-  34921 

90 

2455.15 

TT 

11 

oZo 

85 

2866.26 

II 

loolO 

-  48489 

110 

2459.99 

TT 
11 

70 

2867.62 

II 

11394 

-  46256 

90 

2471.40 

II 

28 

2869.82 

II 

110 

2480.93 

II 

95 

2876.39 

II 

12336 

-  47091 

170 

2490.61 

II 

190 

2877.88 

II 

828 

-  35565 

90 

2510.31 

II 

85 

2878.70 

II 

170 

2513.55 

II 

85 

2881.06 

II 

15822 

-  50521 

170 

2517.61 

II 

0 

39708 

110 

2884.28 

II 

4755 

-  39416 

130 

2543.81 

II 

70 

2884.81 

II 

90 

2545.12 

II 

4763 

- 

44043 

120 

2885.53 

I 

4134 

-  38779 

150 

2552.29 

II 

70 

2890.44 

II 

15822 

-  50408 

180 

2557.94 

II 

828 

— 

39910 

120 

2890.74 

II 

90 

2560.21 

II 

70 

2891.02 

II 

90 

2566.25 

II 

120 

2900.82 

II 

4341 

-  38804 

220 

2585.30 

I 

110 

2904.62 

II 

4341 

-  38758 

90 

2591.56 

II 

190 

2906.39 

II 

0 

-  34396 

75 

2592.54 

II 

70 

2909.37 

II 

130 

2600.16 

II 

12336 

50783 

35 

2909.69 

II 

12336 

-  46694 

130 

2600.76 

II 

35 

2909.88 

II 

75 

2608.69 

II 

35 

2913.74 

II 

13408 

-  47718 

370 

2623.69 

I 

0 

38102 

390 

2913.95 

II 

0 

-  34307 

440 

2634.80 

II 

0 

37942 

70 

2918.65 

II 

110 

2642.15 

I 

0 

37836 

70 

2927.06 

II 

12336 

-  46490 

110 

2645.35 

II 

70 

2931.00 

II 

13610 

-  47718 

110 

2667.94 

I 

0 

- 

37471 

110 

2934.31 

II 

55 

2676.84 

II 

250 

2934.52 

II 

14421 

-  48489 

50 

2677.34 

II 

12336 

— 

49675 

110 

2941.05 

II 

15822 

-  49813 

85 

2689.31 

II 

13610 

50783 

140 

2944.56 

II 

10594 

-  44545 

85 

2692.83 

II 

10594 

_ 

47718 

85 

2946.31 

II 

828 

-  34759 

55 

2709.01 

II 

0 

- 

36902 

95 

2946.77 

II 

4341 

-  38266 

55 

2727.17 

II 

11394 

48052 

150 

2947.06 

II 

11394 

-  45317 

85 

2729.50 

II 

150 

2947.21 

II 

12336 

-  46256 

55 

2735.79 

I 

250 

2948.31 

II 

40 

2739.30 

II 

12336 

_ 

48831 

170 

2950.33 

II 

12336 

-  46220 

85 

2740.70 

II 

110 

2952.12 

II 

828 

-  34692 

220 

2755.75 

II 

55 

2953.03 

II 

7463 

-  41317 

55 

2757.08 

II 

10594 

— 

46853 

140 

2953.70 

II 

70 

2766.50 

II 

85 

2957.75 

II 

70 

2772.42 

II 

0 

36058 

85 

2962.36 

II 

13610 

-  47357 

110 

2772.61 

II 

828 

- 

36884 

220 

2964.60 

I 

0 

-  33721 

40 

2779.58 

II 

17036 

- 

53002 

55 

2964.74 

II 

55 

2791.44 

II 

11394 

- 

47208 

40 

2975.55 

II 

13610 

-  47208 

120 

2800.33 

II 

izooo 

85 

2975.85 

II 

110 

2800.53 

II 

11394 

I 

47091 

110 

2977.42 

II 

0 

-  33576 

110 

2801.41 

II 

12336 

- 

48022 

50 

2979.65 

II 

19451 

-  53002 

85 

2810.85 

II 

0 

- 

35565 

110 

2985.97 

II 

10594 

-  44074 

50 

2811.09 

II 

14895 

- 

50457 

35 

2987.88 

II 

15530 

-  48988 

85 

2811.42 

II 

OOOO  I 

50 

2988.71 

II 

55 

2815.22 

II 

70 

2989.77 

II 

12336 

-  45773 

300 

2816.39 

II 

0 

35495 

85 

2991.36 

II 

16260 

-  49680 

140 

2825.42 

II 

4763 

40146 

70 

2991.61 

II 

11394 

-  44812 

55 

2828.37 

II 

828 

36173 

55 

2992.41 

II 

12674 

-  46082 

50  d 

2835. 12 

II 

12336 

47597 

50 

2995.43 

II 

4755 

-  38130 

2835.29 

II 

85 

3002.38 

II 

10594 

-  43891 

55 

2837.00 

II 

110 

3003.76 

II 

828 

-  34110 

55 

2837.61 

II 

828 

36058 

55 

3008.81 

II 

16875 

-  50101 

55 

2842.04 

II 

828 

36003 

140 

3015.07 

II 

14895 

-  48052 
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Intensity 

and 
Character 

Wavelength  o 

.    i  "  apectrum 
in  A 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

220 

3015.68  II 

11394  - 

44545 

120 

3152.37 

II 

12336  - 

44049 

180 

3016.95  II 

100 

3153.31 

II 

170 

3025.59  II 

4341  - 

37382 

1200 

3156.52 

II 

11394  - 

43066 

oy\J 

u  — 

QQAor 
ooUo5 

65 

^11 1^7  Qc;, 

olO  /  .DO 

TT 
11 

14421  - 

46082 

oo 

^097  IT 

12336  - 

45356 

120 

OiOU.OU 

TT 
11 

4755  - 

36^87 

210 

3029.81  II 

110 

3161.03 

II 

110 

3030.40  II 

828  - 

33817 

670 

3162.83 

II 

11394  - 

43002 

85 

3031.15  II 

17036  - 

50017 

100 

d 

3164.04 

II 

oUol.iV  11 

16875  - 

49856 

olo4.  la 

TT 
11 

yo 

anoo  10  TT 

4ftdft0 

IZw 

Q  1  /:7  /I A 

TT 
11 

120 

3036.70  II 

80 

h 

3167.76 

II 

18121  - 

49680 

610 

3038.28  II 

12336  - 

45240 

80 

3168.15 

II 

12336  - 

43891 

50 

3042.09  II 

100 

3168.95 

I 

0  - 

31547 

^CiAl  1  Q  TT 

17606  - 

50457 

1000 

0 169.99 

TT 
11 

0  - 

31536 

1  in 

^H/IQ  d'i  TT 
«jU4'0.4'0  11 

ioU 

0  1  7A  7C 

61 70.75 

TT 
11 

1  OAl  0 

/I  C  1  OA 

451oy 

70 

3044.54  II 

20166  - 

53002 

80 

3170.97 

II 

4755  - 

36282 

55 

3046.38  II 

65 

3171.47 

II 

13610  - 

45132 

210 

3047.56  II 

12336  - 

45139 

130 

3174.88 

II 

11394  - 

42883 

Of\AQ   19  TT 

oU^y.iz  11 

12336  - 

45123 

400 

3177.89 

TT 
11 

16260  - 

47718 

1  Qfi 

oUol.4o  11 

^  (00 

3178.37 

TT 
11 

000 
ozo  — 

0000 1 

180 

.  3052.32  II 

20985  - 

53738 

80 

3181.94 

II 

4755  - 

36173 

95 

3056.96  II 

14895  - 

47597 

65 

3183.19 

II 

85 

3059.47  II 

14347  - 

47023 

80 

d 

3184.19 

II 

1  in 

"iCifiCi  CiO  II 
oUOU.UZ  11 

14421  - 

47091 

200 

QtOA  7A 

TT 

828  - 

32218 

oUDU.O^  11 

ooU 

0  1  OA  QO 

TT 
11 

1  9A7/I 

/I /I  A/1  A 

120 

3061.36  II 

9432  - 

42087 

240 

3187.68 

II 

14895  - 

46256 

85 

3061.49  II 

11394  - 

44049 

65 

3188.66 

II 

14421  - 

45773 

110 

3062.18  II 

15822  - 

48469 

65 

3192.97 

II 

17036  - 

48346 

oUOZ.OZ  11 

12674  - 

45317 

330 

0 1  AO  OA 

6196. Si) 

TT 
II 

0  - 

31306 

QAAA  QQ  TT 

ouoo.yy  11 

l^ol-/  — 

/I  AO/1  Q 

1  QA 
loU 

OOAC  ylA 

o205.4o 

TT 
II 

1  A  OAC 

A  AAOO 

85 

3070.46  II 

240 

3206.40 

II 

16881  - 

48059 

330 

3071.91  II 

4341  - 

36884 

80 

3206.64 

II 

16875  - 

48052 

280 

3073.54  II 

220 

3207.12 

II 

14895  - 

46066 

55 

OATCIO  TT 

oU/o.lo  11 

290 

ooAO  or 

3208.85 

TT 

11 

4341  - 

35495 

1  1  A 
IIU 

OAT^L  OA  TT 

oU/o.ov  11 

Q90 

1  'XC\ 

0010  A/1 

J212.04 

TT 
II 

1  /I  /lO  1 

144Z1  - 

45545 

140 

3078.33  II 

12336  - 

44812 

80 

3212.44 

II 

220 

3078.68  II 

10594  - 

43066 

80 

3212.68 

II 

15530  - 

46647 

150 

3079.33  II 

12674  - 

45139 

190 

3214.63 

II 

QAQA  09  IT 

12674  - 

45123 

470 

001c    1  A 

6zio.  ly 

TT 
11 

13408  - 

44501 

140 

OAOO    C  1  It 

MoZ.bl  11 

4/55  — 

071  07 

00 1  AO 

0216.63 

TT 
II 

1  AOO  1 

A  7AAA 

85 

3084.68  II 

10594  - 

43002 

80 

3217.38 

II 

120 

3093.10  II 

4755  - 

37076 

160 

3220.46 

II 

13610  - 

44653 

95 

3093.82  II 

14895  - 

47208 

240 

3221.49 

II 

17036  - 

48069 

OAAC  lA  TT 

13408  - 

45701 

170 

TT 
11 

7463  - 

38495 

^oO 

OIAIAO  TT 

1  £^  0£A 

AO  A  OA 

OAA 

0000  00 

TT 
11 

1  OA7/1 

12674  - 

A  0  AOA 

4o6o9 

220 

3103.24  II 

4755  - 

36970 

240 

3225.08 

II 

828  - 

31826 

190 

3103.83  II 

12336  - 

44545 

330 

3225.95 

II 

10594  - 

41583 

180 

3104.99  II 

14895  - 

47091 

80 

3226.07 

II 

18549  - 

49537 

<l  1  A 

410 

3109.76  II 

10594  - 

42741 

140 

OOOA  00 

TT 
II 

17036  - 

48022 

o5 

OllATC  TT 

olio. 75  II 

12674  - 

.1  /1 0 1 0 
44812 

1  7A 

170 

0000  A7 

TT 
11 

1  A  A  1  C 

16015  - 

46976 

50 

3117.50  II 

15530  - 

47597 

170 

3229.36 

II 

15822  - 

46779 

190 

3120.18  II 

9432  - 

41472 

110 

3229.94 

II 

4755  - 

35707 

170 

3126.20  II 

12674  - 

44653 

140 

3232.64 

II 

4341  - 

35266 

330 

3128.41  II 

10594  - 

42550 

490 

3235.89 

TT 
II 

0  - 

30894 

OOA 

830 

110C0O  TT 

3135.38  II 

10594  - 

42478 

OAA 

290 

OOOA  AA 

TT 
11 

828  - 

31715 

360 

3140.64  II 

13408  - 

45240 

140 

3240.86 

II 

20793  - 

51640 

500 

3141.14  II 

0  - 

31826 

100 

h 

3243.72 

II 

14421  - 

45241 

140 

3142.30  II 

14347  - 

46161 

3243.78 

II 

95 

3143.18  II 

18978  - 

50783 

490 

00 AC  10 

TT 
11 

14895  - 

45701 

220 

3143.83  II 

14895  - 

46694 

200 

3248.36 

TT 
II 

14347  - 

45123 

140 

3145.22  II 

828  - 

32613 

90 

3250.99 

II 

7463  - 

38214 

250 

3146.16  II 

15822  - 

47597 

1200 

3251.27 

II 

10953  - 

41702 

120 

3147.53  II 

16260  - 

48022 

170 

3251.90 

II 

11394  - 

42137 

120 

3151.89  II 

4341  - 

36058 

200 

3252.19 

II 

17606  - 

48346 

100 

3152.22  II 

80 

3253.91 

II 

18121  - 

48844 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

in  A  Spectrum 

Energy  levels 
in  cm"' 

80 

3254.48 

II 

14421  - 

Act  OA 

45139 

160 

3371.69  II 

14895  - 

44545 

zyo 

6Z.oO.lO 

IT 
11 

14421  - 

45123 

0071  Q1  TT 

oill.oi  11 

9432  - 

39081 

80 

3257.37 

II 

15530  - 

46220 

130 

3372.78  II 

17007  - 

46647 

170 

3260.02 

II 

13408  - 

44074 

90 

3374.29  II 

14421  - 

44049 

140 

3260.70 

II 

9432  - 

40091 

180 

3375.74  II 

12674  - 

42289 

140 

3261.21 

II 

20985  - 

51640 

90 

3376.00  II 

7463  - 

37076 

170 

0O££  AA 

TT 
11 

19492  - 

50101 

1  OA 

loU 

00*7^  on  TT 

00/0.07  11 

4341  - 

33950 

3266.02 

II 

OOODO 

130 

3376.62  II 

14QQC  _ 

4^0U1 

200 

3266.21 

II 

160 

3377.10  II 

7463  - 

37066 

240 

3269.11 

II 

0  - 

30580 

90 

3378.21  II 

15530  - 

45123 

80 

3272.09 

II 

15530  - 

46082 

180 

3378.42  II 

7485  - 

37076 

ZOU 

11 

12336  - 

42883 

100 

O  O  TO  OO  TT 

3378.88  11 

10953  - 

40541 

120 

3275.93 

II 

iuoy4  — 

/1 1 1 1 1 

90 

3381  54  II 

/I  A1  CO 

401OO 

100 

3279.45 

II 

18978  - 

49462 

100  h 

3384  09  II 

14126  - 

43668 

160 

3279.70 

II 

16875  - 

47357 

5300 

3385.02  II 

828  - 

30361 

890 

3280.09 

II 

828  - 

31306 

210 

3386.57  II 

18549  - 

48069 

OA 

oO 

0  OO  1    £  C 

ozol.oo 

XT 
11 

13610  - 

44074 

610 

3388.85  II 

4755  - 

34256 

490 

3282.77 

II 

100 

3389.44  II 

15822  - 

45317 

100 

3282.89 

II 

4755  - 

35207 

140  d 

3391.16  II 

80 

3284.36 

II 

13610  - 

44049 

210 

3391.96  II 

18549  - 

48022 

90 

3286.57 

II 

4341  - 

34759 

90 

3393.36  II 

4755  - 

34216 

200 

3287.94 

TT 

11 

12336  - 

42741 

3800 

3393.57  II 

828  - 

30287 

130 

3288.62 

n 

Q  AQAA 

oUoyy 

140 

3393  98  II 

1  0£  1  A 

13610  - 

43066 

100 

3291.12 

II 

1300 

3396.16  II 

0  - 

29436 

200 

3293.88 

II 

17007  - 

47357 

90 

3398.32  II 

200 

3296.30 

II 

12674  - 

43002 

90 

3399.36  II 

12674  - 

42083 

1  OA 

3297.60 

IT 
11 

20467  - 

50783 

110 

3402.01  1 

9990  - 

39376 

80 

3300  92 

II 

IVzol  - 

140 

3403.24  II 

200 

3305.40 

II 

14895  - 

45139 

110 

3403  43  II 

18678  - 

48052 

200 

3305.51 

II 

15530  - 

45773 

210 

3404.99  II 

9870  - 

39231 

240 

3306.19 

II 

17596  - 

47833 

270 

3405.65  II 

4755  - 

34110 

440 

1  O  AO  1f\ 

3308.79 

1  T 

11 

12336  - 

42550 

110  h 

3406.76  II 

16875  - 

46220 

1100 

3308  88 

II 

1  AC  A,1 

10594  - 

A  AOA"? 

40807 

3406  82  II 

100 

3310.97 

II 

380 

3407.16  II 

7463  - 

36805 

510 

3312.72 

II 

4341  - 

34519 

5300 

3407  80  II 

•JtV  I  •Kj\J  XX 

0  - 

29336 

120 

3313.31 

II 

19956  - 

50129 

420 

3408.14  II 

13408  - 

42741 

780 

3316.32 

Tf 

II 

828  - 

30973 

100 

O  A  r\c\    A  /I  TT 

3409.46  11 

240 

3317.12 

II 

7485  - 

37623 

140 

3410.71  II 

1  AAC  O 

109oo  - 

A  AO/:  A 

40264 

100 

3318  13 

II 

4755  - 

34884 

110 

3411.22  II 

1  UUv 

^^1Q  Aft 

OO  1  7 -  OO 

II 

11 

0  - 

30112 

110 

3411.52  II 

9870  - 

39175 

270 

3326.19 

II 

4341  - 

34396 

1300 

3413.78  II 

828  - 

30112 

90  d 

3326.42 

II 

20467  - 

50521 

530 

3414.82  II 

4341  - 

33616 

3326  52 

II 

120 

3415.71  II 

14421  - 

43689 

130 

3327  08 

II 

270 

3417.13  II 

10953  - 

40209 

80 

3327  30 

OO ^  I  .oyj 

II 

16601  - 

46647 

270 

3418.10  II 

12336  - 

41583 

90 

3328.80 

II 

7485  - 

37517 

780 

3419.63  II 

7485  - 

36719 

100 

3331.27 

II 

10594  - 

40604 

90 

3420.79  I 

4134  - 

33358 

OOOt .  1 

IT 

11 

9432  - 

39416 

160 

3421.31  II 

17036  - 

46256 

65 

3334  45 

OOO^  •  ^o 

II 

19251  - 

49233 

130 

3422.60  II 

11394  - 

40604 

190 

3339  51 

OOO  7  ,  O  1 

II 

4755  - 

34691 

270 

3422.86  II 

16875  - 

46082 

780 

3341.00 

II 

10594  - 

40516 

110 

3423.23  II 

9432  - 

38635 

130 

3341.44 

II 

828  - 

30747 

90  h 

'\  A  ex's     t\C\  TT 

3423.82  II 

970 

5541  QQ 
OOt  1 .  OO 

II 
11 

4341  - 

34255 

3423.91  II 

00^  i  .Otj 

II 
11 

ini^Qd  - 

1U07't 

*tU'tOO 

530 

3425  06  11 

O^LO,\J\}  11 

4341  - 

33529 

97(1 

IT 
11 

1 UO  i  o 

90 

3425.40  II 

510 

3353.58 

II 

828  - 

30638 

110  h 

3428.99  II 

17007  - 

46161 

120 

3355.06 

II 

18549  - 

48346 

420 

3429.44  II 

9870  - 

39021 

1  on 

oOOD.^  1 

II 
11 

15530  - 

45317 

270 

3431.79  II 

13610  - 

42741 

1  ICt 

OO  oO.oU 

II 
11 

4755  - 

34524 

990 

3439  58  II 

O^O^.OO  11 

4341  - 

33465 

1  on 

ooOo.OU 

II 

H 

0  - 

29765 

1  ^0 
1  o\j 

O^U^.OU  11 

11394  - 

40516 

240 

3359.46 

II 

14895  - 

44653 

1900 

3434.37  II 

0  - 

29109 

90 

3360.65 

II 

90 

3435.26  II 

9870  - 

38972 

130 

3365.81 

II 

14347  - 

44049 

130 

3435.60  II 

510 

3368.11 

II 

0  - 

29681 

130 

3436.09  II 

19251  - 

48346 

160 

3370.85 

II 

13408  - 

43066 

90 

3436.92  II 

17606  - 

46694 
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Intensity 

and 
Character 

Wavelength  o 

.    !  "  spectrum 
in  A  *^ 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

3438.94  II 

13408 

- 

42478 

290 

3512  56 

n 

14421 

_ 

42883 

130 

3439.33  II 

290 

3512.70 

II 

17606 

_ 

46066 

90 

3440.45  II 

18978 

- 

48035 

560 

3517.26 

II 

10953 

- 

39377 

560 

3440.93  II 

16881 

45934 

110 

3519.76 

II 

1300 

3441.45  II 

190 

3521.16 

II 

55 

3442.50  II 

18678 

_ 

47718 

90 

3522.28 

11 

10953 

39336 

55 

3442.55  II 

290 

3522.86 

II 

7463 

35841 

90 

3443.48  II 

20985 

- 

50017 

4400 

3523.98 

II 

4341 

- 

32709 

130 

3444.25  II 

9432 

- 

38457 

170 

3524.63 

II 

9432 

- 

37795 

3800 

3445.57  II 

0 

29014 

90 

3524.93 

II 

15530 

43891 

830 

3446.99  II 

7463 

36466 

970 

TT 
11 

10953 

39308 

170 

3447^26  II 

14421 

_ 

43422 

130 

3526.64 

II 

10953 

39301 

170 

3447.73  II 

14895 

- 

43891 

190 

3526.90 

II 

11801 

_ 

40146 

440 

3449.89  II 

4341 

- 

33319 

55 

3528.90 

II 

12674 

- 

41004 

110 

3450.22  II 

200 

3529.03 

II 

0 

— 

28328 

2700 

3454.32  II 

828 

29769 

99000 

70 

OOO 1 .  (  u 

TT 
11 

n 

9810f> 
^oouu 

440 

3454.51  II 

13610 

42550 

140 

3534.45 

II 

lfi9f>0 

lUZUU 

d/l'id'i 
t'rO'TO 

1300 

3456.56  II 

4755 

- 

33677 

4400 

3534.96 

II 

828 

_ 

29109 

110 

3458:98  II 

7485 

- 

36387 

5500 

3536.02 

II 

4341 

- 

32613 

220 

3460.40  II 

9432 

38322 

290 

3536.58 

II 

12336 

— 

40604 

1 10 

Ot'UV.UU  11 

9870 

38758 

900 

OOO  i  .00 

TT 
11 

0870 

181 10 

4400 

3460.97  II 

0 

28885 

4400 

3538.52 

II 

0 

98959 

90 

3461.31  II 

20793 

- 

49675 

400 

3539.37 

II 

4755 

_ 

33001 

190 

3463.34  II 

7485 

- 

36350 

110 

3539.64 

II 

7485 

- 

35728 

200 

3463.87  II 

4755 

33616 

160 

3540.69 

II 

11801 

40036 

90 

1  700 
1  1  uu 

ootz . oo 

TT 
11 

7463 

15685 

720 

3468.43  II 

9432 

38255 

90 

3542.86 

II 

19183 

47401 

90 

3468.78  II 

400 

3544.20 

II 

9870 

_ 

38078 

130 

3470.19  II 

22908 

- 

51716 

400 

3544.35 

II 

9432 

- 

37637 

560 

3471.14  II 

7463 

36264 

1400 

3546.83 

II 

828 

— 

29014 

^471  '^^  II 

I  1 .  JO                    1 1 

7485 

36282 

1 10 

i  lU 

OOt^  1  .  oo 

TT 
11 

10953 

39134 

3471.60  II 

7463 

36260 

90 

3547.91 

II 

17596 

45773 

380 

3473.70  II 

7485 

36264 

330 

3548. 19 

II 

13408 

— 

41583 

220 

3474.27  11 

12336 

- 

41111 

140 

3548.72 

II 

14895 

- 

43066 

1300 

3477.07  II 

4755 

— 

33507 

130 

3549.25 

II 

12674 

— 

40841 

^477  11 

20793 

49537 

4400 

I'^'iO  99 
ooou.  zz 

TT 

4755 

32914 

90 

3478.48  II 

1 1801 

40541 

190 

3551.15 

II 

90 

3480.42  II 

9432 

_ 

38156 

2200 

3551.62 

II 

4755 

— 

32903 

220 

3480.81  II 

90 

3553.21 

II 

16601 

- 

44737 

110 

3482.10  II 

7463 

— 

36173 

130 

3555.97 

II 

18978 

— 

47091 

'iAUd.  Aft  TT 
O4-04-.DO  11 

1  too 

Ifil  71 

OU  i  1  o 

1  10 

OOO / .oz 

TT 
11 

18678 

46779 

190 

3485.92  II 

I  OU  lU 

440  h 

3558.23 

II 

0/119 

17'i97 

O  1  OZ  1 

130 

3487.20  II 

15979 

_ 

44647 

440 

3559.30 

II 

9870 

_ 

37958 

170 

3487.57  II 

17036 

- 

45701 

290 

3560.14 

II 

7485 

- 

35565 

3487.60  II 

20166 

— 

48831 

2200 

3563.15 

II 

828 

— 

28885 

1  in 

00  TT 

1 U  700 

O  7UV  / 

oou 

QCL<,0  f,Q 

TT 
11 

130 

3490.65  II 

lOUu  1 

d.'i941 

tO^T"  1 

220 

3564.24 

II 

220 

3494.13  II 

99 1  79 

OU  i  oo 

90 

3565.69 

II 

1  1801 

1  1  OU  I 

10818 

O  7000 

4400 

3494.49  II 

828 

29436 

200 

3569.66 

II 

0 

28005 

560 

3496.34  II 

7463 

- 

36057 

100 

3571.44 

I 

4134 

- 

32126 

on 

04.07  11  II 

00*tO  I 

00 

7U 

1=^71  67 

oo  /  1 .  U  1 

TT 
11 

1  1801 

1  1  OU  i 

10701 

O  7  17  1 

/inn 

0/107  Ql  If 

1  d.d.9 1 

diftn9 

'roUUZ 

780 

/  OU 

1^71  ftl 
oo  1  o.  oo 

TI 
11 

1  IfilO 

I  OU  1  u 

^^  =181 

r  1  OOO 

830 

3498.71  II 

4341 

I 

32914 

1400 

3574.15 

II 

7463 

_ 

35434 

220 

3498.93  II 

7485 

- 

36057 

110 

3576.00 

II 

828 

- 

28784 

140  d 

3499.86  II 

14347 

- 

42911 

4400 

3576.24 

II 

4755 

- 

32709 

3499.96  II 

4755 

- 

33319 

90 

oo  t  u.  oo 

II 

11 

90";  1  7 
Zuo  1  ( 

AQAAQ 
^0407 

400 

3501.50  II 

'» /  Do 

OooUO 

1700 

3576.87 

II 

I  4'0O 

00404 

220 

3501.86  II 

830 

3577.98 

II 

4341 

32281 

220 

3502.14  II 

10953 

39499 

160 

3579.11 

II 

9432 

37363 

270 

3503.17  II 

7463 

36001 

90 

3579.44 

II 

22854 

50783 

ooU 

O0U4.0O  11 

9432 

37958 

ddO 

I'iflO  Od 
OOOU.  U*T 

TT 
11 

9870 

37795 

830 

3505  45  IT 

7485 

36003 

190 

3582.02 

II 

19492 

47401 

270 

3505.84  II 

400 

3,584.42 

II 

11801 

39691 

1300 

3506.81  II 

828 

29336 

3300 

3585.06 

II 

0 

27885 

290 

3511.68  II 

21134 

49603 

1400 

3585.78 

II 

7485 

35365 
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Dysprosium— all  observed  /ines— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

IT/         1          . 1 

Wavelength 
in  A 

Spectrum 

tnergy  levels 
.  —1 
in  cm 

560 

3586.11 

II 

4341 

- 

32218 

1000 

3648.78 

II 

13408  -  40807 

360 

3590.07 

14895 

- 

42741 

110 

3654.18 

II 

9870  -  37229 

290 

ooVO.06 

12674 

40516 

1  OA 

lacA  OO 
3654.00 

IT 
11 

ICCOA  /lOOOO 

loooO  —  42883 

1  1  AA 

1100 

0 cm  /II 

Tin 

0003.02 

T 
1 

ooiy  —  OOOOO 

560 

0 cm  o  1 
3591. ol 

" 

oo4Z  1 

loO 

Q/:^i  no 
OOOl.  lo 

TT 
11 

lAACO  OOOCC 

109oo  -  38255 

560 

3592.11 

II 

7463 

_ 

35294 

700 

3664.62 

II 

11801  -  39081 

100 

3593.16 

n 

4755 

- 

32578 

190 

3665.23 

II 

16881  -  44156 

220 

3594.56 

7565 

— 

35377 

400 

3666.84 

I 

7565  -  34829 

1800 

3595.04 

1  Ac  Ayl 

10594 

38402 

150 

3668.90 

II 

7463  -  34712 

1  £  A 

160 

3595.28 

1  1  OA1 

lloOl 

O  A£  AT 

39607 

150 

3671.69 

II 

7463  -  34691 

400 

3596.06 

II 

9870 

_ 

37671 

990 

3672.30 

II 

10594  -  37817 

100 

3596.48 

n 

9432 

- 

37229 

420 

3672.70 

II 

OO  A 

220 

3597.28 

{ 

12892 

— 

40683 

400 

3673.14 

II 

0  -  27216 

1  1  A 

110 

3597.94 

11 

1/11  0£ 

14126 

41912 

1400 

3674.08 

II 

0  -  27209 

1  1  A 

OCAO  Oil 

3598.26 

/4o5 

35268 

230 

3674.45 

I 

4134  -  31341 

110 

3599.04 

II 

16875 

_ 

44653 

120 

3676.02 

II 

9870  -  37066 

100 

3599.56 

n 

22083 

- 

49856 

2200 

3676.59 

II 

828  -  28019 

1  OA 

loO 

9432 

- 

37199 

640 

3678.51 

I 

7565  -  34742 

560 

3600.38 

9870 

37637 

820 

3684.85 

I 

360 

3602.82 

II 

11801 

39549 

1300 

3685.78 

I 

7565  -  34689 

140 

3603.16 

II 

7485 

35230 

120 

3688.36 

II 

18978  -  46082 

90 

3604.34 

I 

160 

3693.87 

I 

11673  -  38737 

1800 

3606.12 

II 

7485 

- 

35207 

140 

3694.42 

II 

7463  -  34524 

100 

3606.38 

II 

17596 

45317 

4700 

3694.81 

II 

828  -  27885 

130 

3606.90 

II 

Z\Zll 

A  OAOO 

48988 

140 

3696.95 

II 

24967  -  52008 

110 

3609.25 

II 

11801 

_ 

39499 

370 

3697.31 

II 

7485  -  34524 

110 

3611.23 

I 

7565 

- 

35249 

990 

3698.21 

II 

11394  -  38427 

290 

3612.78 

II 

230 

3700.58 

II 

220 

3613.08 

ji 

16875 

44545 

540 

3701.63 

II 

11394  -  38402 

290 

3614.07 

II 

14421 

42083 

330 

3707.40 

II 

4341  -  31306 

100 

3614.70 

II 

9870 

37527 

440 

3707.57 

II 

828  -  27792 

100 

3614.95 

II 

14895 

- 

42550 

440 

3708.22 

II 

4755  -  31715 

130 

3616.08 

II 

9870 

- 

37517 

120 

3708.36 

II 

110 

3616.37 

II 

9432 

37076 

420 

3710.07 

II 

4755  -  31701 

130 

3617.20 

II 

4341 

31978 

120 

3710.74 

II 

10953  -  37895 

110 

3617.63 

II 

9432 

37066 

330 

3711.66 

II 

9870  -  36805 

100 

3617.78 

II 

17606 

- 

45240 

160 

3713.84 

II 

9432  -  36350 

290 

3618.10 

II 

16260 

- 

43891 

110 

3715.31 

II 

9432  -  36340 

440 

3618.51 

II 

828 

28456 

95 

3715.57 

II 

13610  -  40516 

160 

3619.45 

II 

14126 

41747 

160 

3716.94 

II 

16016  -  42911 

200 

3619.98 

II 

17036 

44653 

95 

3717.28 

I 

560 

3620.16 

II 

11801 

_ 

39416 

80 

3718.14 

II 

100 

3620.58 

II 

7463 

- 

35075 

1600 

3724.45 

II 

4341  -  31183 

470 

3624.27 

II 

14895 

42478 

95 

3725.94 

I 

9990  -  36822 

1100 

3629.42 

II 

11394 

— 

38939 

300 

3728.00 

I 

9990  -  36807 

4000 

3630.24 

II 

4341 

31879 

120 

3730.67 

I 

220 

3630.48 

II 

7463 

_ 

35000 

930 

3739.34 

I 

12892  -  39627 

110 

3630.60 

II 

110 

3739.86 

II 

7485  -  34216 

440 

3632.78 

II 

12674 

— 

40194 

1200 

3747.82 

II 

828  -  27502 

220 

3633.02 

II 

18549 

— 

46066 

130 

3750.32 

II 

14347  -  41004 

110 

3633.76 

II 

9870 

37382 

160 

3751.80 

II 

7463  -  34110 

90 

3634.18 

II 

17036 

_ 

44545 

1400 

3753.51 

II 

0  -  26634 

110 

3634.32 

II 

11801 

- 

39308 

1400 

3753.75 

II 

4341  -  30973 

400 

3635.27 

II 

11801 

— 

39301 

95 

3754.81 

II 

9432  -  36057 

180 

3636.25 

II 

9870 

- 

37363 

1200 

3757.05 

I 

7565  -  34174 

360 

3637.28 

II 

4341 

31826 

4700 

3757.37 

II 

828  -  27435 

220 

3639.90 

II 

95 

3758.99 

II 

9870  -  36466 

1100 

3640.25 

II 

4755 

32218 

640 

3767.63 

I 

8519  -  35053 

90 

3640.83 

II 

26279 

53738 

330 

3771.11 

I 

13495  -  40005 

400 

3643.92 

II 

0 

27435 

95 

3771.35 

I 

12007  -  38515 

11000 

3645.40 

jj 

828 

28252 

160 

3772.64 

I 

9990  -  36490 

360 

3645.86 

7463 

34884 

640 

3773.05 

I 

9990  -  36487 

180 

3646.61 

11801 

39215 

230 

3773.30 

II 

14347  -  40841 

160 

3646.89 

4134 

31547 

70 

3773.77 

I 

180 

3648.46 

II 

7463 

34864 

370 

3774.71 

I 

8519  -  35003 
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Dysprosium  —  all  observed  Zi/ies  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

95 

3776.92 

TT 

11 

110 

3887.54 

I 

3777.43 

I 

190 

3888  4^ 

II 

loy  <y 

95 

3779!03 

II 

11801 

38255 

190 

3889.01 

II 

150 

3779.23 

It 

13338 

- 

39791 

280 

3891.86 

II 

16601 

- 

42289 

95 

3780.31 

I 

12007 

- 

38452 

280 

3892.90 

I 

7565 

- 

33246 

95 

3780.94 

I 

12655 

O  AAA/: 

39096 

80 

3894.53 

I 

1  OAA7 

12007 

37676 

^7fll  4.7 

I 

12007 

38444 

16ft 

0070. o  t 

TT 

14126 

39791 

190 

3782.87 

II 

4755 

31183 

5800 

3898.53 

II 

4755 

30399 

150 

3783.60 

II 

11394 

_ 

37817 

270 

3899.17 

I 

150 

3783.94 

I 

10088 

- 

36508 

100 

3901.38 

I 

13495 

- 

39120 

330 

3785.41 

II 

9432 

35841 

85 

3903.33 

I 

8519 

34131 

3300 

3786  18 

JJ 

828 

27232 

16ft 

5004  91 

TI 
11 

4755 

30361 

120 

3786.83 

I 

13495 

39895 

110 

3905.60 

II 

14^47 

130 

3787.26 

II 

13338 

_ 

39735 

110 

3905.94 

I 

14153 

_ 

39748 

1600 

3788.44 

II 

828 

- 

27216 

120 

3912.54 

I 

12892 

_ 

38444 

700 

3791.87 

II 

828 

27193 

85 

3912.86 

II 

14347 

— 

39896 

19ft 

3ftftl  0^ 

TT 

11 

17596 

43891 

1 4.ft 

OQl  0  £0 

T 
1 

7565 

33110 

510 

3804.14 

II 

0 

96970 

160 

3913.97 

II 

1  9^^6 

0  ( 0  i  0 

120 

3804.35 

I 

12007 

_ 

38285 

540 

3914.87 

II 

4341 

29877 

580 

3806.27 

II 

12674 

- 

38939 

540 

3915.59 

II 

4755 

_ 

30287 

110 

3807.90 

II 

9432 

— 

35685 

540  d 

3917.29 

I 

7565 

— 

33086 

aofio  n9 

II 
11 

10953 

37199 

T 
1 

12007 

37527 

210 

3809.82 

I 

ooouu 

110 

3918.55 

II 

IftQ';^ 
lUVOO 

180 

3809.97 

II 

4341 

_ 

30580 

140 

3919.12 

I 

15862 

_ 

41371 

470 

3812.27 

I 

8519 

- 

34742 

320 

3923.38 

II 

12336 

— 

37817 

160 

3813.10 

II 

4755 

— 

30973 

110 

3924.47 

II 

15530 

— 

41004 

47ft 

OO  lO .  u  / 

II 
11 

7463 

33677 

49ft 

QQ97  Qf. 
OVZ ( .OO 

T 
1 

11673 

37125 

230 

3816.21 

I 

1  ^4Q'^ 

140 

3929.33 

II 

1  7ft^6 

4947ft 

1400 

3816.76 

II 

7485 

33677 

540 

3930. 14 

I 

12892 

_ 

38329 

190 

3817.53 

I 

7565 

_ 

33753 

190 

3931.28 

II 

7485 

- 

32914 

120 

3818.75 

II 

13338 

— 

39517 

2100 

3931.52 

II 

4341 

— 

29769 

1 9n 

OO  IV. 

I 
1 

lift 

1  lU 

II 
11 

4341 

29765 

95 

3821.47 

I 

OO  17 

320 

3932.22 

II 

0H7ft 

110 

3821.88 

I 

8519 

_ 

34676 

370 

3933.00 

II 

7485 

32903 

280 

3822.58 

II 

7463 

_ 

33616 

320 

3934.21 

II 

95 

3824.02 

I 

12892 

— 

39035 

160 

3936.05 

II 

11801 

— 

37199 

7ftft 

oOZO.Oo 

II 
11 

7485 

33616 

OO 

0700.  ou 

IT 
11 

9870 

35268 

190 

3829.78 

I 

420 

3936.70 

I 

QQQft 

00000 

95 

3831.08 

II 

14421 

40516 

140 

3937.16 

I 

8519 

_ 

33911 

210 

3831.64 

II 

12336 

_ 

38427 

270 

3938.04 

II 

10953 

- 

36340 

150 

3832.88 

II 

10953 

— 

37036 

210 

3938.20 

I 

11673 

— 

37058 

ZoUU 

OooO.DU 

If 
11 

4341 

— 

30399 

';4ft 

074*Z.Oo 

IT 
11 

4755 

30112 

160 

3838.66 

II 

ooOU  i 

10000 

3944.68 

II 

Q 

^004*0 

370 

3840.89 

I 

14367 

40396 

420 

3946.93 

II 

13610 

I 

38939 

1400 

3841.31 

II 

828 

_ 

26853 

540 

3950.39 

II 

10953 

— 

36260 

330 

3842.00 

II 

4341 

- 

30361 

85 

3953.19 

I 

12007 

— 

37295 

Don 

330 

3844.36 

10088 

- 

36093 

0V04.00 

II 
11 

9432 

— 

34712 

420 

3846.34 

II 

4  /DO 

85 

3956.32 

I 

420 

'  3847.02 

I 

7565 

33552 

800 

3957.79 

II 

9432 

I 

34691 

330 

3849.39 

II 

9870 

_ 

35841 

85 

3959.38 

II 

17007 

_ 

42256 

1200 

3853.03 

II 

4341 

- 

30287 

370 

3962.59 

I 

9990 

— 

35219 

4z0 

Jo5o.40 

T 
1 

7565 

- 

33475 

1  lU 

I 
1 

14153 

39378 

210 

3865.48 

II 

A/1  0  O 

V43z 

85 

3963.81 

II 

1  Q^^Q 
loooo 

ooOOV 

370 

3866.58 

II 

7463 

33319 

110 

3966.36 

I 

12007 

37212 

95 

3867.85 

II 

14347 

40194 

320 

3967.51 

I 

7565 

_ 

32763 

560 

3868.45 

II 

7463 

- 

33306 

14000 

3968.39 

II 

0 

— 

25192 

1600 

3868.81 

I 
1 

7565 

- 

33406 

1  An 

lOU 

5071  91 

I 
1 

12298 

37472 

300 

3869  42 

II 

9432 

35268 

85 

3972.41 

I 

820 

3869  86 

II 

0 

25833 

160 

3973.88 

I 

7565 

32722 

210 

3871  63 

II 

7485 

33306 

2700 

3978.57 

II 

7463 

32591 

7000 

3872.11 

II 

0 

25818 

270 

3979.47 

II 

4755 

29877 

1200 

3873.99 

II 

828 

26634 

110 

0AO1    0  7 

3981.37 

1 

7565 

32675 

80 

3875.18 

II 

10953 

36751 

1400 

3981.92 

II 

7485 

32591 

470 

3879.11 

II 

4341 

30112 

1600 

3983.65 

II 

4341 

29436 

300 

3881.99 

II 

12674 

38427 

800 

3984.21 

II 

9432 

34524 
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Dysprosium  —  all  observed  lines  —  Continued 


lIllCIISllj 

iidi  dcicr 

Wavelength 
in  A 

AO  1 1*11  m 

opc^iruiii 

Energy  levels 
in  cm"' 

Intensity 

and 
v>n(irdcicr 

Wavelength 
in  A 

opectrum 

Energy 
in  cm 

evels 

85 

3984.69 

II 

14126 

39215 

200 

4105.04 

II 

29109 

85 

3987.07 

II 

15530 

_ 

40604 

75 

4106.38 

II 

9870 



34216 

60 

3988.88 

I 

9990 

- 

35053 

1500 

4111.34 

II 

0 

- 

24316 

60 

3988.93 

I 

120 

4113.05 

I 

10925 

- 

35231 

75 

3990.34 

II 

16418 

- 

41472 

200 

4119.31 

II 

9432 

- 

33701 

540 

3991.32 

II 

iUVDo 

OOUU 1 

490 

4124.63 

II 

31701 

170 

3993.57 

I 

8519 

33552 

150 

4126.08 

12892 

37121 

85 

3994.53 

I 

4134 

- 

29161 

390 

4128.24 

II 

7485 

- 

31701 

85 

3995.99 

I 

350 

4129.12 

I 

10925 

- 

35136 

1600 

3996.69 

II 

4755 

- 

29769 

990 

4129.42 

II 

4341 

- 

28550 

110 

3998.06 

11 

ooo 
OZO 

O  CO  0  o 

350 

41  10  l^i 

0 

94904. 

8000 

4000.45 

II 

828 

25818 

120 

4131.02 

II 

11801 

36001 

420 

4005.84 

I 

8519 

- 

33475 

75 

4132.83 

II 

13338 

_ 

37527 

320 

4006.07 

I 

8519 

- 

33474 

170 

4133.35 

II 

12336 

- 

36522 

100 

4007.76 

II 

828 

- 

25772 

390 

4133.85 

I 

9990 

- 

34174 

120 

4010.07 
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Erbium 


Er,  Z  =  6S,M=  167.2,  Ratio  ^  =  2.632 

Lu 

En     Normal  state  of  valence  electrons  ^f^6s'^  ^He  =  0.  LP.  =  49210  cm-K 
Em    Normal  state  of  valence  electrons  4/'265^H6i/2  =  0.  LP.  =  96200  cm-i. 
Er  III  Normal  state  of  valence  electrons  ^p^^Ue  ^  0.  LP.  =  183400  cm-^. 
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50 

2614.54 

II 

13338  -  51574 

40 

-  2820.46 

II 

440 

-  35885 

60 

2616.87 

II 

440  -  38642 

50 

2824.32 

II 

80 

2621.72 

II 

50 

2824.90 

II 

140 

2624.18 

II 

6824  -  44920 

30 

2825.66 

II 

14280 

-  49660 

40 

2627.77 

II 

60 

2829.38 

II 

35 

2637.78 

III 

17647  -  55547 

80 

2830.42 

II 

5403 

-  40723 

40 

2647.14 

II 

13338  -  51103 

40 

2831.21 

II 

35 

2651.35 

II 

270  d 

2833.91 

II 

0 

-  35277 

70 

2653.73 

II 

13338  -  51010 

60 

2837.11 

II 

7150 

-  42386 

40 

2654.11 

II 

390 

2838.71 

II 

13572 

-  48788 

70 

2655.25 

II 

100 

2840.63 

II 

70 

2656.10 

II 

50 

2841.89 

440 

-  35618 

60 

2657.00 

II 

120 

2845.86 

80 

2665.04 

II 

60 

2846.26 

13027 

-  48151 

90 

2666.30 

II 

5132  -  42626 

40 

2847.02 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

in  A  spectrum 

Energy  levels 
in  cm"' 

80 

2848.06 

TT 

11 

'  1 1:74 

40 

2946.43  11 

1  RAM 

270 

2848  37 

II 

Id9ft0 

^yo  i  0 

230 

2946.62  II 

1  ^^719 
ID  / oZ 

50 

2848.92 

II 

13060 



48151 

150 

2948.80  II 

150 

2850.65 

II 

13719 

- 

48788 

30 

2949.26  II 

250 

2855.41 

II 

80 

2950.07  II 

13027 

- 

46915 

120 

2858.56 

TT 

11 

U 

Q/1Q70 

90 

2951.26  II 

310 

28S9  84 

n 

4oo7o 

60 

29SS  37  11 

40 

2860.26 

II 

11309 

46260 

50 

2955.60  II 

40 

2862.60 

II 

60 

2956.45  II 

16643 

- 

50457 

30 

2866.35 

II 

80 

2956.95  II 

16643 

- 

50451 

30 

2869.19 

II 

oloZ 

90 

2958.89  II 

30 

2870  52 

II 

^0 

9060  19  TT 

^7UU.  1^  XX 

90 

2871.68 

II 

13338 

48151 

120  h 

2962.49  II 

60 

2872.83 

II 

150 

2963.70  II 

150 

2873.80 

II 

13060 

- 

47847 

80 

2963.90  II 

13027 

- 

46757 

110 

2874.78 

TT 
11 

440 

35215 

60 

2964.25  II 

80 

2877.26 

II 

1500 

90fid  S9  TT 

6824 

40547 

50 

2878!54 

II 

60 

2964.83  II 

12388 

46106 

60 

2878.90 

II 

14280 

_ 

49005 

60 

2965.21  II 

5133 

_ 

38847 

30 

2879.22 

II 

80 

2965.87  II 

13719 

- 

47426 

30 

2882.60 

II 

7195 

41876 

60 

2966.17  II 

80 

2886.11 

II 

KO 

90f>7  Od  TI 
£,y\j  1 .  7^  XX 

100 

2887^09 

II 

16948 

51574 

60 

2968.47  II 

100 

2888.16 

II 

410 

2968.76  II 

0 

— 

33674 

50 

2893.49 

II 

17842 

- 

52392 

150 

2970.06  II 

0 

- 

33660 

150 

2893.90 

II 

0 

34545 

60 

2970.96  II 

5404 

39053 

SO 

2895.92 

II 

5133 

39654 

SO 

9071  9fi  TT 

^7  1  1 .  XX 

11309 

44955 

60 

2896^57 

II 

15732 

50246 

80  d 

2971.63  II 

310 

2896.96 

II 

13338 

_ 

47847 

2971.73  II 

390 

2897.52 

II 

13338 

- 

47840 

150 

2972.27  11 

80 

2903.44 

II 

13719 

48151 

150 

2973.74  11 

5403 

39021 

1000 

2904.47 

II 

6824 

41244 

210 

9Q7d  d7  TT 

0 

33610 

120 

2906.50 

II 

14280 

48676 

230 

2975.68  II 

10667 

44263 

100 

2908.53 

II 

40 

2979.95  II 

440 

— 

33988 

210 

2909.58 

II 

12815 

_ 

47174 

110 

2983.06  11 

12388 

- 

45900 

1500 

2910.36 

II 

6824 

41174 

140 

2983.22  II 

11309 

44820 

9Q1 1  07 

TI 

11 

0 

34342 

970 

9Q8'?  fiO  TT 
^yoo.oxj  XX 

30 

2912.30 

II 

130 

2985.52  I 

0 

33485 

40 

2912.82 

II 

5403 

— 

39724 

40 

2987.31  II 

100 

2914.66 

I 

30 

2988.20  II 

270 

2915.62 

11 

10667 

— 

44955 

140 

2989.31  II 

13719 

— 

47162 

**u 

9Q1Q  DQ 

IT 
XX 

ftn 

oyj 

90R0  Sfi  TT 

^707.00  XX 

100 

2919.28 

II 

14280 

48525 

30 

2994.09  11 

19606 

52996 

80 

2920.24 

II 

440 

_ 

34674 

110 

2994.47  I 

80 

2923.30 

11 

40 

2995.47  II 

60 

2927.36 

11 

90 

2996.37  II 

440 

— 

33804 

1  i^n 

iOU 

9097  71 

II 
XX 

13027 

47174 

no 
ou 

9007  fl7  11 

^77  1.0/  XX 

160 

2928.28 

II 

^0  1 00 

70 

2998.06  II 

S1 1^ 

0  LOO 

^fld7ft 

00*T  (  0 

110 

2928.45 

II 

1200 

3002.41  II 

6824 

_ 

40121 

•  350 

2929.27 

II 

13338 

_ 

47466 

310 

3002.65  II 

100 

2929.73 

II 

440 

— 

34563 

90 

3003.83  II 

440 

— 

33722 

II 

XX 

fiO 

QftOS  OS  TI 

OUUO.UO  XX 

80 

2931.55 

11 

1  QHAH 
loUOU 

150 

3008. 19  II 

1  '1097 
XoUZ  / 

dfi9fiO 

60 

2931.66 

11 

12815 

46915 

40 

3009.44  II 

440 

I 

33660 

35 

2932.36 

II 

50 

3009.70  11 

30 

2932.60 

II 

16948 

— 

51037 

80 

3010.31  II 

440 

— 

33650 

fin 

901  I  1 

II 
XX 

13719 

47786 

on 

^01 1  Ifi  IT 

ou X  X  .  XU  XX 

13060 

_ 

46260 

60 

2934.64 

11 

230 

3012.47  11 

0  00 1 0 

50 

2939.32 

11 

7195 

41206 

60 

3013.84  11 

12587 

45758 

60 

2939.47 

II 

5403 

39413 

30 

3013.96  II 

6824 

39994 

120 

2941.17 

II 

13060 

47050 

30 

3014.62  II 

90 

2941.71 

TT 

11 

ZOU 

QA  TT 

14649 

47786 

140 

2942.21 

II 

120 

3017.74  11 

6824 

39952 

100 

2944.07 

II 

440 

34397 

100 

3019.76  II 

0 

33106 

270 

2945.28 

11 

12815 

46757 

50 

3020.33  II 

67 


Erbium— all  observed  /ines— Continued 


Intensity 

and 
Character 

Wavelength  o 

.    t  Spectrum 
in  A  ^ 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

2  ODectrum 

Energy  levels 
in  cm"' 

60 

3022.73  II 

17378 

— 

50451 

140 

3152.37  II 

290 

3025.95  II 

13719 

- 

46757 

410 

3154.29  II 

15732 

- 

47426 

270 

3028.27  II 

0 

33012 

190 

3160.35  II 

440 

— 

32074 

370 

3031.31  II 

60 

3161.36  II 

310 

3036.22  II 

1  loUV 

60 

3164.52  II 

70 

3048.39  II 

190 

3167.10  II 

13719 

_ 

45285 

50 

3049.21  II 

19606 

- 

52392 

80 

3171.52  II 

90 

3049.30  II 

80 

3172.62  II 

5133 

- 

36643 

70 

3050.00  II 

14649 

47426 

160 

3175.52  II 

0 

31482 

70 

3050.85  II 

13338 

46106 

80 

3179.61  II 

15732 

47174 

70 

3053.78  II 

17378 

50115 

160 

3181.61  II 

5404 

36825 

210 

3054.42  II 

160 

3181.74  II 

12815 

- 

44235 

50 

3061.29  II 

12815 

- 

45471 

870 

3181.92  II 

11042 

- 

42461 

140 

3061.68  II 

10667 

43319 

410 

3183.42  II 

440 

— 

31844 

60 

3064.83  II 

0 

32619 

250 

3185.25  II 

0 

— 

31386 

70 

3064.97  II 

160 

3187.79  II 

440 

31801 

230 

3066.22  II 

5133 

_ 

37737 

120 

3192.64  II 

120 

3069.22  II 

440 

- 

33012 

310 

3200.58  II 

13027 

- 

44263 

450 

3070.74  II 

10667 

— 

43223 

120 

3203.45  II 

13027 

— 

44235 

560 

3072.53  II 

80 

3203.95  II 

13060 

— 

44263 

610 

3073.34  II 

0 

32528 

230 

3205.15  II 

4. 4.71 

70 

3078.25  II 

16529 

- 

49005 

80 

3208.05  II 

12815 

43977 

210 

3078.87  II 

12815 

- 

45285 

270 

3214.44  II 

13719 

- 

44820 

70 

3081.38  II 

13027 

45471 

870 

3220.73  II 

720 

3082.08  II 

610 

3223.31  II 

5133 

— 

36148 

610 

3084.02  II 

0 

32416 

210 

3227.16  II 

12600 

43578 

60 

3087.12  II 

80 

3229.93  II 

5403 

_ 

36355 

70 

3087.80  II 

7150 

- 

39526 

2300 

3230.58  II 

440 

- 

31386 

70 

3088.76  II 

250 

3232.03  II 

12388 

— 

43319 

150 

3093.14  II 

10667 

42987 

330 

3237.98  II 

5133 

— 

36007 

120 

3095.84  II 

140 

3240.48  II 

370 

3099.19  II 

13027 

— 

45285 

180 

3243.25  II 

70 

3099.60  II 

90 

3243.47  II 

14649 

- 

45471 

150 

3102.69  II 

13338 

— 

45559 

330 

3249.34  II 

5133 

— 

35899 

70 

3104.46  II 

90 

3256.35  II 

230 

3106.78  II 

440 

32619 

90 

3258.48  II 

150 

3110.88  II 

560 

3259.05  II 

310  d 

3113.43  II 

3259.11  II 

14280 

- 

44955 

3113.54  II 

14649 

— 

46757 

180 

3262.80  II 

14280 

— 

44920 

80 

3115.09  II 

7149 

— 

39242 

2700 

3264.78  II 

0 

— 

30621 

130 

3115.53  II 

o^o^o 

90 

3266.66  II 

150 

3116.95  II 

0 

_ 

32074 

430 

3267.10  II 

12388 

_ 

42987 

150 

3118.83  II 

15732 

- 

47786 

3267.18  II 

12815 

- 

43413 

80 

3119.05  II 

330 

3269.41  II 

13060 

— 

43638 

150 

3121.94  II 

0 

— 

32023 

90 

3273.32  II 

7195 

— 

37737 

770 

3122.72  II 

0  LOO 

^714.7 
o  1 1^  t 

90 

3277.70  II 

ft 

ancftft 

80 

3123.09  II 

1  1  'i(\Q 
I  lovy 

^oo  ly 

250 

3278.22  II 

OCOQQ 

ooOyy 

150 

3125.18  II 

720 

3279.33  II 

5133 

35618 

150 

3125.65  II 

720 

3280.22  II 

440 

- 

30917 

60 

3127.38  II 

5133 

- 

37099 

180 

3286.18  II 

7195 

- 

37617 

oU 

o 10  L.V  1  11 

47(1 

390/;  77  11 

130 

3132.03  II 

0 

31919 

140 

3287.99  II 

290 

3132.52  II 

11309 

- 

43223 

90 

3291.27  II 

10893 

- 

41268 

470 

3132.77  II 

90 

3301.93  II 

10893 

- 

41170 

80 

3135.62  II 

16643 

- 

48525 

330  d 

3303.88  II 

13060 

- 

43319 

130 

3137.85  II 

lOUDU 

4.4.090 

3303.95  II 

13719 

- 

43977 

160 

3138.50  II 

16935 

48788 

90 

3304.07  II 

410 

3141.10  II 

440 

32267 

370 

3305.56  II 

7195 

37439 

3141.15  II 

14280 

46106 

80 

3307.46  II 

11042 

41268 

70 

3141.81  II 

2300 

3312.42  II 

440 

30621 

80 

3142.80  II 

90 

3313.49  II 

14649 

44820 

80 

3143.63  II 

0 

31801 

180 

3313.66  II 

5133 

35302 

250 

3144.33  II 

180 

3314.43  II 

13060 

43223 

160 

3144.51  II 

13027 

44820 

80 

3314.94  II 

0 

30158 

130 

3150.55  II 

5133 

36864 

560 

3316.39  II 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

150 

3317.47 

n 

140 

3434.63 

II 

10893 

- 

40000 

80 

3318.23 

II 

11042 

- 

41170 

100 

3437.63 

II 

11042 

- 

40124 

90 

3318.77 

JJ 

0 

- 

30123 

160 

3438.31 

II 

/  /u 

i; 

5133 

35215 

ftft 

OU 

IT 
11 

77fl 

IT 

440 

29492 

770 

3332.70 

n 

7149 

- 

37146 

390 

3442.68 

I 

7696 

- 

36735 

80 

3336.74 

II 

7150 

- 

37110 

100 

3443.75 

II 

12587 

- 

41617 

370 

3337.25 

II 

5403 

- 

35359 

270 

3446.87 

I 

10557 

- 

39561 

QQ07  7Q 

II 

7195 

37146 

1  AA 
lUU 

0/1/17  ro 

TT 
11 

7150 

36148 

lOU 

Q/I/IQ  A/r 

TT 
11 

O^Ut- 

90 

3340.48 

II 

12600 

- 

42527 

160 

3453.66 

I 

7176 

- 

36123 

90 

3341.60 

II 

180 

3461.39 

II 

17378 

- 

46260 

290 

3341.84 

II 

7195 

- 

37110 

250 

3462.57 

I 

11557 

- 

40429 

loK) 

oo^o. Oo 

II 

07A 
2  /I) 

0  /I  A/1  CO 

TT 
11 

5133 

— 

33988 

QCi 

A 
\j 

A  AA 

49U 

O  yl  A  A  CI 

3469. 51 

T 
1 

/  O7O 

QAQl  1 
OOOl  1 

1300 

3346.04 

II 

440 

- 

30318 

270 

3469.72 

II 

11309 

— 

40121 

150 

3346.35 

II 

970 

3471.71 

II 

120 

3347.64 

II 

11042 

- 

40905 

100 

3477.93 

II 

lou 

II 

7195 

37057 

A  1  A 

610 

O  A  7  A   A  1 

3479.41 

TT 
11 

7195 

— 

35927 

ioU 

00/lQ  1/1 

A 

u 

OAA 

291) 

0  yl  OA  A  A 

34oU.44 

TT 
11 

OV  /  DO 

60 

3348.76 

II 

10893 

_ 

40747 

100 

3484.55 

II 

7195 

_ 

35885 

470 

3350.06 

II 

13572 

- 

43413 

190 

3485.16 

II 

11309 

_ 

39994 

350 

3350.26 

II 

5133 

- 

34972 

970 

3485.85 

II 

440 

- 

29120 

1  QA 

oQci  on 
OOOl.oZ 

3^A 
ODt> 

O/IQA  QO 

TT 
11 

5403 

34074 

oOOu.Zl 

II 

07A 
2  /U 

0/1  QO  OC 

T 
1 

9.f\')(\ 
oOaU 

■^797  1 

180 

3358.15 

II 

5133 

- 

34902 

140 

3492.50 

II 

7195 

— 

35820 

150 

3361.01 

II 

13558 

- 

43302 

350 

3496.86 

II 

5133 

- 

33722 

90 

3361.67 

II 

15732 

- 

45471 

6700 

3499. 10 

II 

440 

- 

29011 

1  y1  AA 

OJ04.UO 

440 

30158 

A  1  A 
OlU 

OCAO  70 

o5U2. to 

T 
1 

7176 

— 

35717 

1  OA 

/  OVD 

07A 

2  /U 

OCAC  A7 

IT 
11 

1400  d 

3368.02 

II 

440 

— 

30123 

290 

3505.68 

I 

9655 

_ 

38172 

3368.13 

I 

7696 

- 

37378 

390 

3508.38 

II 

11309 

— 

39804 

450 

3370.55 

II 

5404 

- 

35063 

110 

3508.81 

I 

10557 

- 

39049 

7700 

|j 

0 

— 

29641 

OA 

oO 

OCAO  AO 

3500.93 

T 
1 

7176 

— 

35667 

OTA 
V70 

0  0  "7(1    1  •? 

3374. 17 

II 

U 

290ZO 

A  AA 

490 

0  C  1  /I  OA 

3514.89 

T| 
11 

90 

3376.10 

II 

7150 

36761 

390 

3518.18 

II 

10667 

_ 

39082 

80 

3376.99 

II 

13558 

_ 

43161 

210 

3522.52 

I 

7176 

_ 

35557 

70 

3379.01 

II 

14649 

- 

44235 

610 

3524.91 

II 

0 

- 

28361 

Q  0  O  1  AO 

II 

440 

— 

30008 

07A 
2  (U 

0  C  OA  O  1 

O520.81 

T 
1 

11401 

— 

39747 

OAA 

z90 

oool   0  o 

3381.32 

II 

7  1  Qt^ 
1  190 

QA7A  1 
oO  (01 

1  AA 

100 

0  C  O 1  07 

3531.27 

230 

3382.06 

I 

7176 

36735 

210 

3539.47 

II 

15732 

_ 

43977 

1700 

3385.08 

II 

440 

_ 

29973 

410 

3539.59 

I 

11887 

40131 

150 

3389.59 

II 

7150 

- 

36643 

250 

3543.02 

11 

13027 

- 

41244 

A  CA 

OOOA  7(1 

oooy. /4 

II 

0 

- 

29492 

07A 

2  /U 

OC/IC  QA 

oo4o.  OO 

T 
1 

7176 

— 

35370 

OQAA 

zoUO 

0  0  no  A  A 

3392.00 

II 

0 

OA/1  70 

294/2 

07A 

2  /U 

0  C/1  7  CA 

.304 /.5U 

1 
1 

1  1  c  c  7 
1 155  / 

0  A70  0 

o9  /38 

90 

3394.09 

II 

10667 

_ 

40121 

310 

3548.26 

II 

5132 

_ 

33307 

90 

3394.39 

II 

440 

_ 

29892 

210 

3549.55 

I 

7195 

35359 

190 

3394.86 

n 

7195 

- 

36643 

820 

3549.84 

II 

5404 

- 

33566 

OCA 

350 

0  O A*? 

3396.07 

II 

1  ,1  A 

140 

0  C  C  1  7A 

3551.79 

TT 
11 

13027 

- 

41174 

OAA 

0  0  A<;  O  A 

3396.84 

II 

C  1  O  0 

5133 

j4oOO 

0  1  A 
OlU 

0  C  C  0  OA 

o55o.2U 

TT 
11 

C  /I  A/1 

54U4 

0  0  C  0  A 

03539 

190 

3398.27 

II 

440 

_ 

29859 

210 

3554.30 

II 

7150 

_ 

35277 

90 

3401.20 

II 

11043 

_ 

40436 

100 

3556.08 

I 

15185 

_ 

43298 

390 

3401.83 

II 

160 

3556.39 

I 

10557 

- 

38668 

70 

3406.95 

II 

440 

- 

29784 

100 

O  C  C  A  OA 

3556.84 

IT 
11 

7195 

- 

35302 

1  Oi\ 

180 

O  A  AO    £  A 

3408.69 

II 

14649 

43977 

O  1  A 

210 

O  C  C  7  A7 

3557.07 

1 

1 1401 

39506 

150 

3409.87 

I 

9350 

_ 

38668 

1500 

3558.02 

I 

7696 

_ 

35794 

180 

3417.28 

II 

10893 

_ 

40148 

510 

3558.71 

I 

8620 

_ 

36712 

350 

3417.63 

II 

1000 

3559.90 

II 

0 

- 

28082 

190 

3420. 18 

II 

10893 

40123 

210 

OCAO  C/1 

3563.54 

T 
1 

0 

28053 

190 

3422.90 

I 

9350 

38556 

310 

3565. 17 

T 
1 

9350 

37391 

270 

3425.08 

jj 

440 

29628 

210 

3569.27 

I 

7176 

35185 

490 

3428.39 

II 

7195 

36355 

210 

3569.93 

I 

11557 

39561 

190 

3429.88 

11042 

40189 

160 

3570.56 

I 

10557 

38556 

140 

3431.06 

9350 

38487 

920 

3570.75 

II 

5132 

33130 

270 

3433.13 

II 

0 

29120 

140 

3573.86 

II 

5133 

33106 

69 
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310 

3578.24 

I 

11799 

- 

39738 

35 

3710.79  II 

5133 

-  32073 

190 

3579.44 

I 

10557 

- 

38487 

100 

3711.82  II 

13060 

-  39994 

1000 

3580.52 

II 

440 

- 

28361 

520 

3712.39  II 

6824 

-  33753 

0  fU 

OOoO.OU 

I 
i 

8620 

36494 

071      07  T 

6958 

-  33861 

^t;,Q7  70 
OOo I .  ly 

11 

XI 

inn 

^171  7  Oc;  TT 

14.980 

—  41174 

210 

3588.32 

I 

7696 

- 

35557 

320 

3719.35  I 

7176 

-  34055 

610 

3590.76 

I 

8620 

_ 

36461 

100 

3721.46  II 

5404 

-  32267 

410 

3595.84 

I 

11557 

- 

39360 

65 

3723.64  II 

12600 

-  39447 

010 

OCAA  CA 

TT 
U 

11309 

— 

39082 

170 

3724.36  11 

10894 

-  37737 

lUUU 

TT 
11 

AA 

90 

3724.49  11 

210 

3604.71 

II 

12388 

_ 

40121 

230 

3724.91  II 

7150 

-  33988 

510 

3604.90 

II 

12815 

_ 

40547 

1300 

3729.52  II 

0 

-  26805 

160 

3605.69 

I 

6958 

- 

34684 

450 

3731.26  II 

7195 

-  33988 

ZIU 

QAfl7  Ofi 
OOU  /  .ZU 

T 
1 

15083 

— 

42797 

55  d 

3731.79  II 

5AA7  AO 
OOU/ 

T 
1 

yooK) 

07AAO 

45 

3732.22  I 

AO  C  A 

9350 

o£  10/: 

-  36136 

3100 

3616.56 

II 

0 

_ 

27643 

190 

3734.45  II 

5132 

-  31902 

510 

3617.85 

II 

12815 

_ 

40447 

270 

3734.58  II 

0 

-  26769 

510 

3618.92 

II 

5404 

- 

33028 

65 

3735.71  I 

7696 

-  34458 

1  fin 
lUU 

dbZo.Zo 

TT 
11 

17378 

- 

44955 

540 

3738.16  II 

13060 

-  39804 

70A 

/zu 

T 
1 

QOCAA 

180 

3740.29  II 

13719 

-  40447 

310 

3629.37 

I 

11887 

_ 

39432 

340 

3741.10  II 

6824 

-  33547 

210 

3630.06 

II 

19375 

_ 

46915 

900 

3742.64  II 

5133 

-  31844 

140 

3630.30 

II 

200 

3744.99  II 

12388 

-  39082 

OOJI.  10 

T 
1 

140 

3745.11  II 

11043 

-  37737 

qz:qo  Aft 
OOOZ.OV 

TT 
11 

7  1  CA 

O'tOl'i 

r  r 

55 

3745.71  II 

12587 

-  39277 

100 

3632.78 

II 

13027 

_ 

40547 

900 

3747.43  I 

7176 

-  33853 

270 

3633.26 

I 

8620 

_ 

36136 

55 

3749.02  I 

9655 

-  36321 

1000 

3633.54 

II 

0 

- 

27514 

190 

3750.54  II 

13338 

-  39994 

CIA 

51U 

3634.67 

T 
1 

35 

3751.97  II 

13188 

-  39833 

0 1  A 

3636.41 

T 
1 

1 1557 

39049 

540 

3756.05  I 

7696 

-  34313 

270 

3637.16 

II 

5133 

_ 

32619 

35 

3756.40  II 

13338 

-  39952 

1600 

3638.68 

I 

230 

3761.99  I 

7176 

-  33750 

270 

3641.27 

II 

13719 

- 

41174 

230 

3766.16  II 

10894 

-  37439 

65 

3641.92 

TT 

II 

65 

3767.73  II 

900 

3645.94 

TT 

II 

13027 

40447 

160 

3768.79  II 

7195 

O  O  TOO 

-  33722 

65 

3646.78 

II 

7150 

_ 

34563 

270 

3771.10  II 

7150 

-  33660 

520 

3650.41 

II 

5404 

_ 

32790 

110 

3772.47  II 

7150 

-  33650 

360 

3652.58 

II 

5132 

- 

32502 

90 

3774.84  I 

9350 

-  35833 

500 

3652.87 

TT 
11 

7195 

- 

34563 

110 

3775.31  1 

9655 

-  36136 

35 

3656.38 

II 

5404 

32745 

230 

3775.66  II 

16935 

-  43413 

140 

3659.58 

I 

7696 

_ 

35014 

160 

3777.62  II 

7195 

-  33660 

110 

3660.78 

II 

19606 

46915 

110 

3778.32  II 

12388 

-  38847 

110 

3662.04 

II 

16935 

- 

44235 

140 

3778.67  I 

7696 

-  34153 

1  OA 

180 

3662.86 

T 
1 

7696 

- 

34990 

/*  1  A 

410 

3781.01  11 

11043 

-  37483 

360 

3664.45 

T 
1 

7176 

34458 

65 

3783.87  11 

17842 

-  44263 

470 

3669.02 

II 

7150 

34397 

1800 

3786.84  II 

0 

-  26400 

80 

3675.18 

II 

7195 

34397 

65 

3787.38  II 

11043 

-  37439 

190 

3676.51 

II 

7150 

- 

34342 

560 

3787.86  II 

17842 

-  44234 

190 

3678.95 

I 

8620 

- 

35794 

110 

3791.16  I 

8620 

-  34990 

65 

3680.10 

II 

13558 

40723 

90 

3791.54  I 

9350 

-  35717 

500 

3682.70 

II 

7195 

34342 

560 

3791.83  II 

440 

-  26805 

320 

3684.01 

I 

7176 

34313 

500 

3792.79  I 

7696 

-  34055 

380 

3684.28 

II 

5133 

- 

32267 

560 

3797.06  II 

440 

-  26769 

160 

3689.12 

II 

5404 

- 

32503 

80 

3798.21  I 

6958 

-  33279 

7900 

3692.65 

II 

440 

27514 

180 

3798.63  I 

5035 

-  31353 

450 

3696.25 

II 

7150 

34196 

65 

3803.73  I 

9350 

-  35632 

160 

3696.92 

II 

16935 

43977 

45 

3806.05  II 

14280 

-  40547 

100 

3697.27 

I 

80 

3807.07  II 

13188 

-  39447 

380 

3697.68 

I 

7696 

34733 

1600 

3810.33  I 

0 

-  26237 

540 

3700.72 

II 

440 

27454 

80 

3817.75  II 

5403 

-  31589 

190 

3701.57 

II 

7195 

34203 

90 

3818.71  II 

5132 

-  31312 

35 

3702!51 

II 

7195 

34196 

65 

3827.31  I 

5035 

-  31155 

100 

3705.77 

I 

7176 

34153 

3600 

3830.48  II 

0 

-  26099 

160 

3706.52 

I 

9350 

36321 

110 

3832.31  II 

5404 

-  31490 

520 

3707.64 

II 

14280 

41244 

80 

3832.53  I 

15083 

-  41168 

70 
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1  n     n  Git  V 

111  ICIlSlL  J 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

80 

3835.65 

II 

1  O  C  0*7 

12587 

O  0£  C  1 

38651 

1400 

3974.72 

II 

440 

25592 

200 

3837.64 

11 

1  OOOO 

OO/I  oo 

38438 

280 

3976.73 

I 

10750 

35890 

1 1  n 

OOoo.OU 

T 
i 

AO  C  A 

9350 

O  C  O  A.1 

35394 

olU 

OA77  AO 

o9(  /  .U2 

1 

5035 

30172 

90 

3839.26 

II 

16948 

42987 

50 

3979. 13 

II 

12587 

37711 

40 

3842.93 

I 

160 

3980.14 

II 

7150 

32267 

80 

3848.31 

II 

5404 

31382 

160 

3980.60 

I 

12377 

37492 

90 

3849.29 

II 

0 

25971 

1100 

3982.33 

I 

6958 

— 

32062 

Cyl  A 
540 

oo4y.y  1 

1 

8620 

34587 

1 10 

oViJO.  14 

IT 
11 

12600 

37698 

320 

3851.60 

II 

71  "^n 

280 

3987.53 

I 

1  QnQ7 

QQl  £Q 

oolOo 

680 

3855.90 

I 

5035 

_ 

30962 

810 

3987.66 

I 

5035 

30105 

540 

3858.39 

II 

7195 

— 

33106 

230 

3991.15 

I 

15083 

- 

40131 

7500 

3862.85 

I 

0 

— 

25880 

50 

3994.85 

II 

5132 

- 

30157 

OCA 

250 

OOi^A  OA 

TT 
11 

10894 

— 

36761 

£A 

60 

OAAC  OiC 

3995.26 

TT 
11 

13558 

— 

38580 

50 

3868.23 

II 

0/;'70O 

60 

3999.07 

I 

8620 

0  0/;  1 A 
33619 

50 

3871.75 

I 

11557 

37378 

100 

3999.16 

II 

5132 

30130 

150 

3874.83 

I 

5035 

- 

30835 

230 

4004.05 

I 

6958 

- 

31926 

100 

3875.72 

14000 

4007.96 

I 

0 

- 

24943 

1  CAA 

1500 

3  OOA  m 

11 

5132 

— 

30894 

OOA 

230 

A AAO    1  O 

4008. 18 

TT 
11 

440 

— 

25382 

1200 

3882.89 

II 

T  1  C  A 

7150 

oooA/: 

32896 

280 

4009.16 

II 

0 

24936 

100 

3884.12 

I 

13097 

38836 

150 

4009.78 

I 

9655 

34587 

50 

3885.38 

II 

12587 

- 

38318 

1100 

4012.58 

I 

6958 

- 

31873 

150 

3887.15 

II 

11043 

- 

36761 

50 

4012.98 

II 

OCA 

250 

OOOO  AO 

XT 
11 

OCA 

350 

yi A 1  c  cn 

4015.57 

TT 
11 

5132 

— 

30028 

150 

3889.79 

II 

7  1  OC 

/ 195 

o2oyo 

110 

4016.36 

I 

lo09/ 

0  'TAO  A 

0  /9o9 

400 

3890.61 

II 

11042 

36738 

3000 

4020.51 

I 

6958 

31824 

4200 

3892.68 

1 

0 

- 

25682 

450 

4021.55 

I 

5035 

- 

29894 

160 

3895.80 

II 

7150 

- 

32811 

110 

4022.01 

II 

18463 

- 

43319 

C  OAA 

5200 

QOA£  OO 

3o9d. 23 

TT 
11 

440 

— 

26099 

1  AA 

190 

4036. 1 1 

T 
1 

5035 

- 

29804 

250 

3899.03 

I 

AO  C  A 

9350 

O  /I  AAA 

34990 

180 

4037.69 

I 

C  AO  C 

5035 

OATA/I 

29794 

810 

3902.76 

II 

7195 

32811 

75 

4039.64 

I 

12377 

37125 

50 

3903.84 

II 

17378 

- 

42987 

230 

4043.01 

II 

5403 

- 

30130 

250 

3903.98 

I 

5035 

- 

30642 

1000 

4046.96 

I 

10751 

- 

35454 

OCA 

250 

3904.56 

TT 
11 

7150 

- 

32753 

280 

Af\AO  0/1 

4048.34 

TT 
11 

7150 

- 

31844 

1200 

3905.40 

I 

0 

O  C  C  AO 

25598 

200 

4049.49 

II 

0 

Oyl  £.On 

24687 

11000 

3906  31 

11 

0 

25592 

940 

4055.47 

II 

5132 

29783 

100 

3908.44 

II 

13188 

- 

38766 

550 

4059.51 

I 

10751 

- 

35378 

110 

3910.50 

I 

5035 

- 

30600 

690 

4059.78 

II 

5404 

- 

30029 

1  1  A 
110 

OA  1  1    C  A 

39 1 1 .54 

TT 
11 

7195 

- 

32753 

140 

/lATO  OO 

4072.38 

T 
1 

50 

3911.91 

II 

440 

O  C  A  A/; 

25996 

140 

4074.00 

II 

1  OCO"? 

12587 

0  ^  1  Oi: 

37126 

140 

3912.42 

II 

11309 

36861 

420 

4077.88 

I 

5035 

29551 

50 

3915.69 

II 

550 

4081.24 

II 

440 

- 

24936 

85 

3916.00 

I 

10751 

- 

36280 

140 

4083.05 

I 

6958 

- 

31443 

OOA 

280 

O A  1  O  AC 

3918.05 

T 
1 

12377 

- 

37893 

0  CAA 

3500 

/1A07  /:o 

408/.  63 

T 
1 

0 

- 

24457 

210 

3918.35 

II 

5404 

30917 

75 

4091.78 

I 

10557 

34990 

280 

3921.88 

II 

5403 

30894 

210 

4092.90 

I 

5035 

29460 

810 

3932.25 

II 

7195 

- 

32619 

140 

4094.64 

II 

0 

- 

24415 

3200 

3937.01 

I 

0 

- 

25392 

1100 

4098. 10 

I 

6958 

- 

31353 

2100 

3938.63 

II 

0 

- 

25382 

350 

4100.56 

TT 

11 

5404 

- 

29784 

85 

3938.912 

II 

17842 

43223 

60 

4103.98 

II 

5133 

29492 

50 

3939.36 

II 

13060 

38438 

60 

4106.58 

II 

12587 

36932 

150 

3942.58 

I 

15083 

- 

40440 

130 

4109.33 

I 

6958 

- 

31286 

150 

3943.18 

II 

7150 

- 

32503 

140 

4112.62 

II 

16935 

- 

41244 

3200 

3944.42 

I 

5035 

- 

30380 

320 

4116.36 

T 

I 

9655 

- 

33942 

550 

■?94fi  06 

I 

8620 

33942 

320 

4118.55 

I 

10750 

35024 

110 

3950  98 

I 

38400 

140 

4123^08 

II 

250 

3951.48 

I 

13097 

- 

38397 

140 

4124.76 

I 

5035 

- 

29272 

320 

3956.42 

I 

0 

- 

25268 

600 

4131.50 

I 

6958 

- 

31155 

50 

3959.90 

IT 

II 

12388 

- 

37634 

CCA 

550 

A1  An  A  1 

4142.91 

TT 
11 

5132 

- 

29263 

160 

3961.21 

I 

9350 

34587 

6900 

4151.11 

I 

0 

24083 

110 

II 

6824 

32048 

60 

4160.31 

I 

10557 

34587 

85 

3964.51 

I 

5035 

30252 

190 

4164.83 

I 

6958 

30962 

280 

3966.35 

I 

10751 

35955 

130 

4171.54 

I 

10750 

34716 

160 

3969.44 

II 

5132 

30317 

140 

4172.22 

I 

5035 

28996 

2700 

3973.04 

I 

0 

25162 

140 

4185.48 

I 

0 

23885 

3200 

3973.58 

I 

0 

25159 

280 

4189.98 

II 

5403 

29263 

71 
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lUUU 

0 

23855 

loO 

.icon  lA 

4522.74 

T 

1 

—  90Hni 

140 

4194.72 

13097 

36930 

35 

4526.92 

11 

lfl4/i^ 

60 

4197.43 

I 

11401 

- 

35218 

35 

4531.08 

I 

7696 

-  29760 

130 

4205.32 

I 

13097 

- 

36870 

35 

4551.99 

I 

7176 

-  29138 

1400 

4218.43 

I 

75 

4552.14 

II 

17842 

-  39804 

d.99n  QQ 

y 

6958 

30642 

oU 

/1C^^  7A 

T 
1 

in7';n 

60 

4223.49 

J 

160 

4563.26 

II 

1 1  Qno 
iiouy 

3^191  7 

60 

4223.73 

II 

35 

4563.93 

I 

320 

4230.20 

II 

50 

4566.38 

II 

5403 

-  27296 

60 

4232.46 

I 

35 

4569.29 

I 

16464 

-  38344 

1  An 
140 

y1  OO  /I  "70 

TT 
11 

'^d.^4. 

04Ut 

90  A 1  1 

75 

4592.92 

T 

I 

75 

4235.18 

OUoO 

45 

4596. 74 

I 

60 

4237.03 

I 

11799 

35394 

75 

4598.12 

I 

7176 

-  28918 

200 

4251.94 

II 

16935 

- 

40447 

60 

4602.07 

I 

17073 

-  38797 

60 

4263.72 

I 

0 

- 

23447 

1000 

4606.61 

I 

0 

-  21702 

ou 

4/04.0  / 

i.J.6 1 1 

3  CO  1  0 

75 

4611.25 

II 

60 

4269.95 

1  1  00^ 

35300 

30 

4624.78 

II 

140 

4276.48 

II 

12815 

36192 

160 

4630!88 

II 

15732 

-  37321 

690 

4286.56 

I 

5035 

- 

28357 

110 

4640.60 

II 

14649 

-  36192 

60 

4288.51 

I 

0 

- 

23311 

35 

4656.69 

II 

17378 

-  38847 

320 

4298.91 

110 

4665.44 

ii 

60 

4301.26 

Izo  /  / 

obo/U 

30 

4667.59 

TT 

tx 

320 

4301.60 

II 

0 

23241 

45 

467  L  59 

I 

140 

4303.81 

II 

5132 

- 

28361 

310 

4673.16 

I 

0 

-  21392 

60 

4306.36 

I 

11799 

- 

35014 

570 

4675.62 

II 
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Europium 


Eu,  Z  =  63,M=  151.96,  Ratio  ^  =  2.391 

Lu 

Eul   Normal  state  of  valence  electrons  'ifSs^  ^Sji/a  =  0.  I.P.     45700  cm-i. 
Eull  Normal  state  of  valence  electrons  4/^65  ^84  =  0.  I.P.  =  90660  cm-^. 
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Gadolinium 

Gd,Z  =  64,A/=  157.2,  Ratio^= 2.475 

Gdl  Normal  state  of  valence  electrons  4^f5d6s^  9D°  =  0.  LP.  =  49500  cm-K 
Gd  II  Normal  state  of  valence  electrons  4-f5d6s  '"D"  j/2=  0-  I-P-  =  97500  cm  "i. 

References 

Wavelengths: 

A.  S.  King,  Astrophys.  J.  97, 323  (1943). 

Classification: 

Gd  I  and  Gd  ll,  H.  N.  Russell,  J.  Opt.  Soc.  Am.  40, 550  (1950). 

J.  Blaise,  J.  Chevillard,  J.  Verges  and  J.  F.  Wyart  Spectrochimica  Acta  26B,  1(1971). 

Molecular  Spectra: 

GdO,  A.  Gatterer,  J.  Junkes  and  E.  W.  Salpeter,  Molecular  Spectra  of  Metallic  Oxides  (Specola  Vaticana, 
.  1957). 
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3124.25  II 

262 

— 
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95 

2923.32 

II 

5340 

I 

39537 

95 

3129.96  II 

9452 

I 

41392 

35 

2924.25 

II 

9092 

_ 

43279 
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3130.81  II 

9329 

_ 

41260 

35 

2928.34 

II 

2857 

— 

36996 
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0 

— 
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oo 
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II 
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70 
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II 
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35 

2952.43 

I 
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0 
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35 

2955.60 

II 
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_ 

42916 
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3137.30  I 
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_ 

31865 

70 

2960.93 

II 

3082 

— 

36845 

120 

3138.71  I 
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— 

32384 
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11 
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— 
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yo 
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41260 

80 

2965.43 

II 
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4841 

OOC  C  0 
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29 

2972.74 

II 

3082 
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II 
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3145.52  II 
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II 
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95 
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3167.20 

I 
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3401.07  II 
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80 
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II 
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— 
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3238.62 

II 

10392 

41260 

390 
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— 
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I 
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- 
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3424.59  II 
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- 
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I 
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- 
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3425.93  II 
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- 

32263 
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3428.47  II 

10092 
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3279.53 

II 
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- 
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3320.44 

II 

9143 

- 
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- 
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- 
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- 
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_ 
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I 
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_ 
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0 
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II 
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_ 
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— 
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32304 
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36711 

§ 
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II 
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27861 

90 
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II 
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11 
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2700 
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430 

3558.47 

II 

4852  - 

32946 

80 

3668.32  II 

11670  - 

38922 

200 

3564.05 

II 

4213  - 

32263 
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3671.20  II 

633  - 
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90 

3564.64 

II 

11670  - 

39715 
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TT 
11 

10803  - 
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11 
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2000 
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II 

4484  - 

32491 
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3686.33  II 

7992  - 

35111 

90 

3570.41 

II 
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40309 
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3687.74  II 

2857  - 

29966 

690 

3571.93 

II 

0  - 

27988 

210 

3694.03  II 
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30144 
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TT 
11 

10092  - 
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11 

4027  - 
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0  - 
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^90 

3578.36 

II 

4213  - 

32150 

2000 

3697.73  II 

262  - 

27298 

100 

3579.55 

II 

10392  - 

38320 

1300 

3699.73  II 

2857  - 

29878 

150 

3580.62 

II 

10908  - 

38828 

40 
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11 
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A 

60 
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1 
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28112 
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2700 

O  "7  1  O  TA  TT 

3712.70  11 

3082  - 

30009 

5400 

3584.96 

II 

1159  - 

29045 

2000 

3713.57  I 

215  - 

27136 

90 

3586.58 

II 

11670  - 

39544 

40 

3715.23  II 

11084  - 

37993 

150 

3587.19 

II 

633  - 

28502 

100 

3715.92  I 

215  - 

27119 

AO 

3588.21 

T 

I 

0  - 

27861 

1400 

3716.36  II 

262  - 

27162 
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O  C AA  A n 

3590.47 

TT 
11 

4841  - 

32685 
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3717.48  1 
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3591.44 

II 

4213  - 

32049 
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3719.45  II 

9944  - 
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1 
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II 

4852  - 

32685 

3719.53  II 

3972  - 

30850 
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3592.71 

II 

8885  - 

36711 
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3722.07  II 

13926  - 

40785 
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3593.44 

IT 

II 

4484  - 

32304 

60 

3723.69  11 

13926  - 

40773 

110 

3596.84 

I 

999  - 
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28793 

430 

3725.47  II 

9944  - 

36778 

3600.96 

II 

8885  - 

36647 

90 

3726.57  I 

215  - 

27042 

inn 

3602.00 

II 

10092  - 

37846 
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3730.84  II 

3082  - 

29878 
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3604.87 

I 

1719  - 

29451 

270 

3732.32  I 

1719  - 

28504 

97n 

3605.26 

I  T 

11 

9092  - 

36821 

230 

633  - 

27418 

250 

3605.66 

II 

262  - 

27988 

230 

3732.67  I 

533  - 

27316 

1 

3607.12 

II 

12309  - 

40024 

510 

3733.08  II 

9944  - 

36724 

Q'i(\ 
o6\) 

3608.75 

II 

9143  - 

36845 

100 

3736.44  I 

1719  - 

28475 

OoXJ 

3610.76 

II 

10633  - 

38320 

490 

3739.76  I 

999  - 

27731 

3610.91 

TT 
11 

9092  - 

36778 

O  O  A 

330 

OlAn  AO  TT 

3740.02  11 

9092  - 

35823 

80 

3612.88 

TT 

II 

90 

3741.91  II 

11670  - 

38386 

3613.39 

11 

9329  - 

36996 

4500 

3743.47  II 

1159  - 

27865 

0*7  A  J 

270  d 

3614.21 

II 

5897  - 

3'?SS8 

40 

3744.14  II 

3444  - 

30145 

3614.42 

I 

0  - 

27660 

620 

3744.83  I 

1719  - 

28415 

3617.16 

II 

10392  - 

38030 

40 

O"?  A       A  A  TT 

3746.44  11 

13031  - 

39715 

390 

3620.46 

II 

7992  - 

35605 
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O^AO  OO  TT 

3748.88  11 

11343  - 

38010 

ivo 

3622.81 

II 

11084  - 

38679 

100 

3751.10  I 

215  - 

26866 

270 

3624.89 

II 

10292  - 

37872 

80 

3755.24  II 

9944  - 

36566 

1  TA 

170 

3625.26 

II 

8885  - 

36461 

80 

3755.56  II 

10092  - 

36711 

1  TA  J 

170  d 

3626.32 

II 

9143  - 

36711 

230 

3757.74  II 

12318  - 

38922 

3626.41 

II 

11670  - 

39237 

1000 

3757.94  1 

533  - 

27136 

250 

3629.51 

II 

9452  - 

36996 

1400 

3758.31  II 

3427  - 

30027 

90 

3630.25 

II 

10292  - 

37831 

820 

3759.00  II 

0  - 

26595 

130 

3630.88 

II 

11344  - 

38877 

100 

3759.98  I 

0  - 

26588 

330 

3634.76 

II 

9143  - 

36647 

100 

3760.47  I 

7562  - 

34147 

220 

3639.05 

II 

12072  - 

39544 

620 

3760.71  II 

3444  - 

30027 

250 

3640  18 

11 

4841  - 

32304 

290 

3760.92  II 

3427  - 

30009 

330 

3641.39 

II 

10392  - 

37846 

870 

3762.20  I 

999  - 

27572 

870 

3645.62 

II 

3427  - 

30850 

150 

3763.00  II 

1935  - 

28502 

6100 

3646.19 

II 

1935  - 

29353 

210 

3763.33  II 

3444  - 

30009 

100 

3648.48 

I 

1719  - 

29120 
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3764.20  II 

11084  - 
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11 
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II 
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II 
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II 
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- 
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II 
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_ 
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II 
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- 
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I 
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- 
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II 
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I 
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£.0\J 
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I 

1 
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TT 
11 
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210 

3773.45 

I 
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3881.84 

II 

3444 
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3774.30 

II 
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- 
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65 

3884.66 

II 
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— 
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210 
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I 

7235 

- 
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75 

3887.16 

II 

633 

- 
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100 
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II 
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75 
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I 
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lUUU 

TT 
11 
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T 
1 
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2900 
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I 
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85 

3890.42 

I 
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60 

3783.73 

II 
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- 

39936 

55 

3890.85 

II 

11084 

— 

36778 
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3787.15 

I 

0 

- 
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45 
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I 
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- 
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II 
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— 
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II 
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— 
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1 

91 

ZUOOO 
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II 
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II 
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80 
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II 

4484 
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65 
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I 

7235 

_ 

32886 

490 

3792.39 

II 

12318 

- 

38679 
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3902.40 

II 

3427 
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3973.98 

II 

4852 

30009 

540 

4063.59 
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II 
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4397.51 

II 

9943 

- 

32677 

540 

4296.08 

II 

4027 

- 

27298 

30 

4400. 18 

II 

9329 

- 

32049 

140 

4296.30 

II 

13378 

- 

36647 

85 

4400.76 

I 

7480 

- 

30197 

220 

4297.17 

II 

1  1  Q/J  Q 

1  lo4J 

oWUo 

1400 

4401.86 

I 

1710 

45 

4298.43 

II 

13800 

37058 

520 

4403. 14 

I 

7947 

30652 

430 

4299.29 

I 

6378 

- 

29631 

260 

4406.67 

II 

11492 

- 

34179 

130 

4304.90 

II 

12318 

- 

35541 

260 

4408.25 

II 

4484 

- 

27162 

1100 

4306.34 

I 

0 

- 

23215 

220 

4409.25 

I 

8498 

- 

31172 

30 

4307.87 

II 

looUU 

Q  7  A/17 

520 

4411.16 

I 

ooo 

260 

4309.29 

I 

7947 

31147 

27 

4413.44 

I 

6976 

29628 

85 

4310.98 

II 

3972 

27162 

860 

4414.16 

I 

8498 

31147 

1800 

4313.84 

I 

215 

23390 

700 

4414.73 
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Gallium  . 

Ga, Z  =  31,  M  =  69.72,  Ratio 7^  =  1.0972 

Ga  I  Normal  state  of  valence  electrons  45^4^  apo^^^Q.  LP.  =  48388  cm-K 
Gall  Normal  state  of  valence  electrons  45^  *So  =  0.  I.P.=  165458  cm-^ 
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G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Ga  I,  W.  F.  Meggers  and  R.  J.  Murphy,  J.  Research  NBS  48, 334  (1952)  RP  2320. 


Gallium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

^  spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  c 

bpectrum 

Energy  levels 
in  cm"' 

35 

2294.20  I 

0  -  43574 

340 

2659.87  I 

0  -  37585 

70 

2338.28  I 

826  -  43578 

800 

2719.65  I 

826  -  37585 

40 

2371.32  I 

0  -  421.58 

110 

2418.70  I 

826  -  42158 

5000 

2874.24  I 

0  -  34782 

750 

2450.07  I 

0  -  40803 

9.500 

2943.64  I 

826  -  34787 

1300  h 

2500.17  I 

826  -  40811 

1,500 

2944. 18  I 

826  -  34782 

120 

2500.70  I 

826  -  40803 

10000 

4032.98  I 

0  -  24788 

25 

2624.82  I 

826  -  38913 

20000 

4172.06  I 

826  -  24788 

559-795  0-75-9  (Pt.  1) 
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Germanium 


Ge,Z  =  32,M=  72.6,  Ratio  7;-=  1.142 


Ge  I  Normal  state  of  valence  electrons  45^4p^  ^Po  =  0.  LP.  =  63715  cm~^ 
Cell  Normal  state  of  valence  electrons  4s-4p-P°i2=  0.  LP.  ^  128521  cm-i. 

References 

Wavelengths  and  Classification: 

K.  L.  Andrew  and  K.  W.  Meissner,  J.  Opt.  Soc.  Am.  49,  146  (1959). 


Germanium  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength  o 

^  spectrum 

Energy  levels 
in  cm  " ' 

Intensity 

and 
Character 

Wavelength  ^ 

^  "  spectrum 

Energy  levels 
in  cm"' 

30000 

1954.47  I 

557 

-  51705 

900 

2497.96  I 

0 

-  40020 

20000 

1961.36  I 

7125 

-  58093 

700 

2533.23  I 

557 

-  40020 

32000 

1970.23  I 

1410 

-  52148 

25 

2556.30  I 

16367 

-  55474 

14000 

1987.62  I 

1410 

-  51705 

42000 

1998.24  I 

1410 

-  51437 

280 
5000 

2589.19  I 
2592.54  I 

1410 

557 

-  40020 

-  39118 

17000 

2019.07  I 

557 

-  50069 

60 

2644.19  I 

16367 

-  54175 

24000 

2041.71  I 

0 

-  48962 

12000 

2651.18  I 

1410 

-  39118 

16000 

2043.77  I 

1410 

-  50323 

5500 

2651.58  I 

0 

-  37702 

4200 

2054.46  I 

1410 

-  50069 

2200 

2057.24  I 

7125 

-  55718 

5000 

2691.34  I 

557 

-  37702 

7500 
26000 

4200 
20000 

2065.21  I 
2068.66  I 
2086.02  I 
2094.26  I 

557 
5,57 
557 
1410 

-  48962 

-  48882 

-  48480 

-  49144 

8500 
400 
6500 
70 

2709.63  I 
2740.43  I 
2754.59  I 
2793.94  I 

557 
16367 
1410 
16367 

-  37452 

-  52847 

-  37702 

-  52148 

2400 

2105.82  I 

1410 

-  48882 

80 

2829.01  I 

16367 

-  51705 

950 

2124.74  I 

7125 

-  54175 

7500 

.3039.06  I 

7125 

-  40020 

3400 

2198.71  I 

7125 

-  52592 

600 

3067.01  I 

16367 

-  48962 

180 

2256.00  I 

7125 

-  51437 

200 

3124.82  I 

7125 

-  39118 

180 

2314.20  I 

7125 

-  50323 

1100 

3269.49  I 

7125 

-  37702 

240 

2327.92  I 

7125 

-  50069 

700 

4226.57  I 

16367 

-  40020 

200 

2379.14  I 

7125 

-  19144 

60 

4685.84  I 

16367 

-  37702 

1300 

2417.37  I 

7125 

-  48480 

6 

8789.87  I 

37702 

-  49076 
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Gold 


Au,  Z  =  79,  M  =  196.9665,  Ratio  ^  =  3. 100 

Lu 

Au  I  Normal  state  of  valence  electrons  5d^"6s  2S1/2  =  0.  LP.  =  74410  cm"'. 
Au  II  Normal  state  of  valence  electrons  Sc^^"  'So     0.  I.P.  =  165000  cm"'. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Aul  and  Aull,  J.  R.  Piatt  and  R.  A.  Sawyer,  Phys.  Rev.  60,  866  (1941). 


Gold— all  observed  lines 


Intensity 

and 
Character 

Wavelength  r- 

jj,  ^  spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

11000 

2012.00  I 

9161 

-  58845 

320 

3029.20 

I 

9161 

-  42164 

2600 

2021.38  I 

9161 

-  58616 

3122.78 

9161 

-  41174 

180 

2352.65  I 

9161 

-  516,54 

1600 

120 

2387.75  I 

9161 

-  51029 

40 

3897.89 

42164 

-  67812 

2600 

2427.95  I 

0 

-  41174 

40 

4040.94 

21435 

-  46174 

70 

4065.08 

37359 

-  61952 

16 

2544.19  I 

21435 

-  60729 

20 

4315.09 

45537 

-  68705 

30 

2590.04  I 

21435 

-  60033 

260 

2641.49  I 

9161 

-  47007 

12 

4437.27 

46174 

-  68705 

3400 

2675.95  I 

0 

-  373.59 

25 

4488.25 

45537 

-  67812 

30 

2688.71  I 

21435 

-  58616 

90 

4607.34 

47007 

-  68705 

50 

4792.60 

41174 

-  62034 

80 

2700.89  I 

9161 

-  46174 

25 

5837.40 

37359 

-  54485 

1100 

2748.26  I 

9161 

-  45537 

16 

2883.45  I 

21435 

-  56106 

60 

6278.18 

21435 

-  37359 

16 

2932.19 

60 

7510.75 

41174 

-  54485 
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Hafnium 


Hf,  Z  =  72,  M  =  178.5,  Ratio  tF  =  2.809 

Cu 

Hf  I  Normal  state  of  valence  electrons  5c?^65^^F2  =  0.  LP.  =  53600  cm"^ 
Hf  II  Normal  state  of  valence  electrons  5d6s^       1/2  =  0.  LP.  =  120000  cm-i. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

C.  H.  Corhss  and  W.  F.  Meggers,  J.  Research  NBS  61 , 269  (1958)  RP  2904. 

Classification: 

Hf  I,  W.  F.  Meggers,  unpubUshed  material  (1966). 

Hf  II,  W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  13, 625  (1934)  RP  732. 

Molecular  Spectra: 

HfO,  W.  F.  Meggers,  unpublished  material  (1958). 


Strong  lines  of  hafnium 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

8500 

2028.18 

II 

13486 

62775 

1200 

2820.22 

II 

3051 

38499 

6200 

2012.78 

II 

3051 

52717 

1200 

2904.41 

I 

4568 

38988 

2300 

3399.80 

II 

0 

29405 

1200 

2950.68 

I 

2357 

36237 

2200 

3682.24 

0 

27150 

1200 

3020.53 

I 

2357 

35454 

2100 

2866.37 

0 

34877 

1200 

3505.23 

II 

8362 

36882 

2100 

3072.88 

0 

32533 

1100 

2638.71 

II 

0 

37886 

2000 

2916.48 

4568 

38845 

1100 

2641.41 

II 

8362 

46209 

2000 

2940.77 

0 

33995 

1100 

2954.20 

I 

4568 

38408 

1800 

2898.26 

2357 

36850 

1100 

2980.81 

I 

0 

33538 

1400 

2964.88 

2357 

36075 

1100 

3012.90 

II 

0 

33181 

1400 

3777.64 

0 

26464 

1100 

3016.94 

II 

0 

33136 

1400 

3785.46 

4568 

30977 

1100 

3057.02 

I 

4568 

37270 

1300 

3561.66 

II 

0 

28069 

1100 

3569.04 

II 

6344 

34355 

1300 

3820.73 

4568 

30733 

1100 

4174.34 

I 

2357 

26306 

1200 

2096.18 

II 

15084 

62775 

1000 

3717.80 

I 

2357 

29247 
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Hafnium  — all  observed  lines 


Intensity 
eind 

Wavelength 
in  A 

Energy  levels 
in  cm""' 

Intensity 
and 

iidrat-icr 

Wavelength 
in  A 

opectrum 

Energy 
in  cm 

evels 

-1 

£  O  Art 

ozOu 

Ort  1  O  TO 

II 
11 

3051 

52717 

zOO 

2637.33 

11 

3645 

8500 

2028.18 

II 

13486 

62775 

110 

2548.20 

II 

13486 

52717 

1200 

2096.18 

II 

15084 

_ 

62775 

320 

2551.40 

II 

17389 

56572 

540 

2210.82 

II 

36883 

- 

82101 

27 

2551.85 

II 

12921 

- 

52097 

320 

2254.01 

II 

3645 

— 

47996 

60 

2559.02 

I 

2357 

41422 

1  Art 
lou 

II 
11 

3645 

47973 

oc  C  rt  1  rt 
ZDOV.  IV 

TT 
11 

12071 

1  1  1/1 
Dl  lo4 

250 

2266.83 

II 

4Q05 

4.0006 

250 

2563.61 

II 

4905 

43901 

620 

2277.16 

II 

0 

_ 

43901 

55 

2570.71 

II 

15084 

_ 

53973 

230 

2321.14 

II 

4905 

- 

47973 

890 

2571.67 

II 

3645 

- 

42518 

580 

2322.47 

II 

0 

— 

43044 

320 

2573.90 

II 

12071 

— 

50910 

0  Q  T3   O  C 

IT 

11 

364.5 

4.6675 

firt 

6U 

OC7/1  on 

56'^8 

,JUOO 

120 

2324.50 

II 

12071 

55077 

320 

2576.82 

II 

8362 

47158 

300 

2324.89 

II 

4905 

_ 

47904 

300 

2578.14 

II 

4905 

_ 

43681 

200 

2332.97 

II 

3645 

- 

46495 

320 

2582.54 

II 

3051 

- 

41761 

200 

2337.33 

II 

0 

- 

42771 

130 

2591.33 

II 

0 

— 

38579 

1 1 
11 

40006 

Ort 

30 

OCO/l   1  0 

zoy^-.  iz 

4568 

4-0  1  (Jo 

320 

2347.44 

II 

4S0'^  1 

55 

2,599.22 

II 

53546 

540 

2351.22 

II 

0 

_ 

42518 

55 

2602.67 

2357 

40768 

110 

23.53.02 

I 

0 

- 

42485 

27 

2602.87 

I 

0 

- 

38408 

90 

2365.98 

II 

4905 

- 

47158 

390 

2606.37 

II 

,3051 

- 

41407 

250 

2380.30 

11 

450 

2607.03 

II 

44691 

100 

2381.00 

II 

55 

2607.24 

II 

52703 

170 

2393.18 

II 

12921 

54693 

120 

2608.45 

0 

I 

38325 

450 

2,393.. 36 

II 

4905 

- 

46675 

35 

2609.96 

I 

4568 

- 

42871 

670 

2,393.83 

II 

0 

- 

41761 

22 

2612.59 

I 

5522 

- 

43786 

130 

2400. 78 

r  I 

11 

1 

ou.j  1 

230 

2613.60 

1 

1  /  ooV 

55639 

70 

2404.. 56 

II 

'  r  HAH 

70 

2614.29 

1  DZ.J4- 

53494 

540 

2405.42 

II 

6344 

I 

47904 

90 

2616.61 

I 

5639 

43845 

130 

2406.44 

II 

11952 

- 

53494 

450 

2622.74 

II 

3645 

- 

41761 

370 

2410.14 

II 

8362 

- 

49841 

35 

2623.32 

I 

8984 

- 

47092 

90 

2413.33 

I  r 
11 

1  9*^7  1 
1  ZU  I  I 

70 

2626.95 

f.lAA 

44400 

55 

2415.96 

II 

1  IVoZ 

1 

O.JO.J  1 

27 

2635.57 

05  /  0 

44504 

320 

2417.69 

II 

305 1 

44400 

60 

2635.79 

II 

17711 

I 

5,5639 

120 

2425.98 

II 

13486 

- 

54693 

160 

2637.00 

I 

2357 

40267 

45 

2428.75 

I 

23S7 

- 

43518 

1100 

26.38.71 

II 

0 

- 

37886 

120 

2428.99 

11 

I  'KM  1 

.),)ZZ  ( 

1 100 

2641.41 

o.jO/ 

46209 

130 

24.33.57 

11 

1 113 
,>o44o 

70 

2642.08 

J 

Zo.)  / 

40194 

45 

2434.74 

II 

17,389 

58448 

160 

2642.75 

I 

4568 

42,396 

35 

2444.99 

I 

4.568 

- 

45455 

670 

2647.29 

11 

8362 

- 

46125 

390 

2447.25 

[| 

305 1 

- 

43901 

45 

2649.15 

II 

14.360 

- 

52097 

140 

2449.44 

II 

6,jH 

'11  l.m 

100 

2651. 16 

{{ 

1  77  AO 
1  /  .)0V 

C  C  rt77 

35 

2452.30 

II 

1  1  rtC ') 

1  ly.iz 

,0Z  /  1  / 

30 

26.52.86 

A  1  Ai\l 

79090 

110 

245I34 

II 

17,369 

,58117 

60 

2657. ,50 

H 

15084 

52703 

450 

2460.49 

II 

3051 

- 

4,3681 

160 

2657.84 

II 

4905 

- 

42518 

70 

2463.97 

II 

12921 

- 

53494 

210 

2661.88 

II 

6344 

- 

4.3901 

430 

2464. 19 

II 

8,562 

4893 1 

90 

2665.97 

'{ 

1  ono  1 

izy/i 

50420 

90 

2465.06 

II 

1 5084 

55639 

90 

2668  28 

.16.59 

43105 

35 

2465^67 

I 

4568 

451 12 

80 

2669.00 

II 

305 1 

40507 

140 

2467.97 

II 

0 

- 

40507 

45 

2671.25 

[| 

13486 

.50910 

210 

2469.18 

11 

13486 

- 

53973 

22 

2676.63 

II 

17711 

- 

55060 

100 

2473.92 

II 

1 292 1 

;i333 1 

18 

2677.58 

{{ 

6344 

43681 

55 

248 1 .44 

[j 

17830 

58117 

18 

2678.43 

17369 

54693 

55 

2482^65 

1 

0 

40267 

35 

2682' 19 

I 

6573 

43845 

55 

2487.16 

I 

0 

- 

40194 

290 

2683.35 

II 

1.5084 

_ 

52340 

290 

2496.99 

II 

3645 

- 

43681 

55 

2685.22 

II 

17830 

- 

55060 

70 

2500.74 

II 

15084 

55060 

18 

2686.. 36 

6572 

43786 

7(1 

2502.66 

1 

2357 

42302 

18 

2688  35 

o9o4 

46170 

580 

2512!69 

II 

1  LAO  1 

70 

2696. 18 

I 

Z,)0  / 

,39435 

580 

2513.03 

II 

6344 

46125 

60 

2699.63 

I 

130 

2515.48 

II 

13486 

53227 

670 

2705.61 

1 

0 

36949 

890 

2516.88 

II 

3051 

42771 

1 10 

2706.73 

II 

13486 

50420 

7rt 

zrt  1 1 .06 

I 
i 

0 

39704 

7i\ 
l\t 

971  1  ni 
z  / 1 1 . 00 

8984 

70 

2521.49 

11 

17830 

57478 

45 

2711.99 

II 

17830 

54693 

340 

2,531.19 

11 

4905 

14400 

22 

2712.14 

II 

12071 

48931 

80 

2532.97 

II 

305 1 

42518 

210 

2712.42 

II 

4905 

41761 
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Hafnium  — all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectruni 

Energy  levels 
in  cm""' 

Intpnsitv 

3n(i 

Wavelength 
in  A 

^n**ftrii  m 

Energy  levels 
in  cm"' 

140 

2713.84 

I 

2357 

39194 

55 

2885.47 

II 

14360 

49006 

60 

2718.51 

II 

14360 

- 

51134 

210 

2887.14 

I 

4568 

- 

39194 

250 

2718.59 

I 

0 

- 

36773 

100 

2887.54 

I 

6572 

- 

41194 

80 

2726.70 

I 

5639 

42302 

800 

2889.62 

I 

0 

34596 

70 

2729.10 

I 

2357 

38988 

60 

2892.56 

I 

90 

2730.71 

I 

0 

36610 

18 

2894.84 

I 

8984 

43518 

120 

2730.85 

I 

4568 

— 

41175 

1800 

2898.26 

I 

2357 

_ 

36850 

35 

2732.68 

II 

17389 

- 

53973 

130 

2898.71 

II 

13486 

- 

47973 

70 

2737.83 

I 

5522 

42036 

1200 

2904.41 

I 

4568 

— 

38988 

710 

2738.76 

II 

4905 

41407 

890 

2904.75 

I 

2357 

36773 

200 

2743.64 

I 

5639 

42076 

140 

2909.91 

II 

0 

34355 

35 

2746.62 

I 

5639 

- 

42036 

2000 

2916.48 

I 

4568 

_ 

38845 

360 

2751.81 

II 

8362 

- 

44691 

30 

2917.49 

II 

17830 

- 

52097 

60 

2756.91 

II 

17711 

— 

53973 

580 

2918.58 

I 

2357 

- 

36610 

30 

2758.31 

I 

10533 

— 

46776 

320 

2919.59 

II 

3645 

— 

37886 

90 

2758.78 

I 

0 

36237 

180 

2924.62 

I 

5522 

39704 

450 

2761.63 

I 

4568 

_ 

40768 

60 

2929.01 

I 

6572 

_ 

40704 

60 

2762.69 

I 

5639 

- 

41825 

490 

2929.63 

II 

0 

- 

34124 

160 

2766.96 

I 

5639 

- 

41769 

450 

2929.90 

I 

8984 

- 

43105 

55 

2770.46 

II 

12921 

- 

49006 

710 

2937.80 

II 

8362 

- 

42391 

45 

2772.32 

II 

OvtZU 

2000 

2940.77 

I 

n 

u 

31Q0'i 

170 

2773.02 

I 

Zoo  t 

160 

2944.71 

I 

n 
u 

980 

2773.36 

II 

6344 

42391 

55 

2947.13 

II 

15084 

49006 

180 

2774.02 

II 

8362 

- 

44400 

1200 

2950.68 

I 

2357 

— 

36237 

55 

2775.27 

II 

11952 

— 

47973 

27 

2951.90 

I 

10509 

— 

44375 

Li 

1 

ooozo 

1  1  Art 

1 100 

one /I  OA 
zy54.zU 

T 
1 

4568 

38408 

70 

2783.69 

I 

6572 

42485 

540 

2958.02 

I 

5639 

39435 

45 

2786.30 

11 

15254 

- 

51134 

60 

2960.82 

II 

17369 

- 

51134 

100 

2789.50 

II 

17389 

- 

53227 

120 

2961.80 

II 

12921 

- 

46675 

140 

2789.73 

II 

17711 

- 

53546 

1400 

2964.88 

I 

2357 

— 

36075 
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Holmium 


Ho,  Z  =  67,  M  =  164.9303,  Ratio  7^  =  2.595 

Ho  I  Normal  state  of  valence  electrons  4>p^6s^  %ii2  =  0.  LP.  =  48540  cm~K 
Ho  II  Normal  state  of  valence  electrons  4/**  6s  ^Ig  =  0.  I. P.  =  95200  cm-i. 
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3007.08 

TT 

11 
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3181.50  II 
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3008.10 

11 
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3183  84  II 
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3009.48 

II 
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3184.48  II 
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II 
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3014.60 

II 
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II 
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II 
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II 

65 
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II 
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II 
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II 
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II 
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3050.73 

11 
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3215.36  II 
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3054.00 

II 

200  c 

3221.42  II 

130  c 

3054.87 

II 

80 

3224.27  II 
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3057.45 

II 

65 

3230  04  II 

70 

3060.24 

II 
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3231.67  II 
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3062.53 

II 
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3233.34  II 

80 

3063.14 

II 

80 

3233.87  II 

180 

3064. 19 

II 

200 

3236.90  II 
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3074.30 

II 
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3237  40  11 

100 

3075.53 

II 

65 

3240.42  II 

80  c 

.3078.41 

II 

80 

3243.00  11 

500  c 

3082.34 

II 

80 

3247.22  11 
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3084.36 

II 

80 

3256.28  II 

430  c 

3086.54 

II 
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3257.45  11 
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[I 
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32,58!45  II 
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3105.18 

II 

80 
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3108.31 

11 
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II 

80 
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3109.91 

II 
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II 
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II 
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.3278.15  II 
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II 
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3279.25  II 

65 
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II 
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3281.18  II 
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31.30.99 

II 

140 
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31,34.39 

II 
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3288.46  II 

300  c 

3144.36 

II 
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70 
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II 
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65  c 
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3 157.. 35 
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3159.67 

[I 

110 
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II 
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3176.97 

II 
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c      .              Energy  levels 
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Energy  levels 
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I 
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II 

450 
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I 
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II 
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11 
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11 
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I 
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11 
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11 
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1 
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I 
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f  I 
11 
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I 
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II 
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I 
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c 

3888.96 

II 
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490 
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I 
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II 
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c 
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II 
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4057.55 

I 
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c 
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II 
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I 
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II 
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II 
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290 

4073.51 

I 

3904.44 

I 

120  c 

4080  23 

n 

1300 

cw 

3905.68 

II 

637  -  26234 

230 

4083.67 

100 

3909.56 

I 

140 

4085.09 

I 

120 

3910.30 

I 

170 

4087.35 

I 

320 

3911.80 

I 

200 

4087.59 

I 

3912.44 

II 

140 

4091.64 

320 

3919.45 

I 

120 

4094.78 

I 

100 

c 

3923.28 

II 

230 

4100.22 

I 

100 

3924.55 

II 

90 

4101.09 

I 

100 

3925.64 

II 

8900 

4103.84 

I                  0  -  24361 

cn 

3929.93 

II 

1 9fl 

4105.04 

320 

c 

39.36!44 

II 

270 

4106'50 

I 

220 

39.38.85 

I 

100 

4107.36 

I 

320 

cw 

.3940..53 

II 

2900 

4108.62 

I 

180 

3942.54 

I 

300 

4112.00 

I 

1  An 
lUU 

3949.00 

I 

100 

4112.72 

220 

39.50!.56 

I 

270 

4116^73 

I 

90 

3951.14 

I 

90 

4118.94 

I 

90 

c 

39.55.05 

II 

1500 

4120.20 

I 

580 

.39.55.73 

I 

1300 

4125.65 

I 

120 

I 
1 

4.197  16 

. 

230 

c 

39.59.5! 

II 

300 

4134.,54 

I 

490 

3959.68 

I 

90 

4135.08 

I 

120 

.3963.29 

II 

1.500 

41,36.22 

I 

120 

3967.33 

I 

1.30 

4 1,39., 34 

I 

100 

3972.64 

II 

2.30 

4142. 19 

90 

3973^83 

II 

290 

4148'97 

I 

110 

.3974.55 

I 

980  cw 

4152.61 

II               637  -  24712 

220 

.3975.88 

1 

8100 

4163.03 

I 

390 

c 

3976.93 

1 

160 

4172.23 

I 

170 

■IOTA  07 

11 
1 1 

■75(11) 

4173.23 

130 

3982.04 

II 

540 

4194^35 

I 

220 

cw 

3985.71 

11 

100 

4198.08 

I 

160 

3992.72 

I 

1.30 

4203.21 

I 

220 

3993.73 

II 

65 

4203.. 39 

II 

80 

'^007  I  fi 
-jW  t  .  lo 

11 
1 1 

ion 
1  \f\j 

4.9 1  1  ^0 

1 

1  ou 

3998.29 

1 

90 

4219.10 

380 

3999.. 58 

I 

290 

4222.29 

I 

80 

c 

4001..<2 

II 

290 

4223.47 

I 

160 

cw 

4002.59 

II 

2000 

4227.04 

I 

220 

i 

499Q  59 

II 

1 1 II 

I  I  u 

4013.50 

1 

130  h 

4231.24 

320 

4014.20 

II 

290 

4243.78 

I 

160 

c 

4018.09 

II 

90 

4245.40 

II 

160 

c 

4022.76 

II 

1,300  cw 

4254.43 

I 

160 

c 

111  )!  Q  1 

II 

130  c 

4258.61 

II 

1 10 

4025., 39 

1 

490 

4264' 05 

I                  0  -  23445 

320 

4027.21 

I 

300 

4266.04 

I 

270 

4028.86 

1 

100 

4273.63 

II 

180 

c 

4031.80 

I 

80 

4284.. 58 

il 

220 

4037.62 

1 

An 

■1-zyu.  Its 

11 

220 

c 

40.38.87 

II 

90  C 

4298.47 

II 

2700 

4040.81 

1 

0  -  24740 

90 

4299.15 

5400 

c 

4045.44 

II 

0  -  24712 

90 

4301.09 

II 

220 

c 

4047.52 

1 

200 

4311.04 
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Holmium  —  all  observed  /mes— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

IT  11 

Lnergy  levels 

- 1 

in  cm 

Intensity 

and 
Character 

TV/           1           » l_ 

Wavelength 
in  A 

Spectrum 

bnergy  levels 

- 1 

in  cm 

90 

4315.03 

II 

55 

4683.08 

I 

250 

4330.64 

II 

55 

4685.83 

II 

80  c 

4332.55 

II 

45 

4688. 19 

II 

300 

A  o  on  11 

4337.13 

TT 
11 

70 

4701. 17 

TT 
11 

100  cw 

4346.84 

f  T 
11 

80 

4701.69 

IT 

II 

1300 

4350.73 

I 

130 

4709.84 

II 

290 

4356.73 

II 

65 

4711.39 

I 

140 

4363.93 

II 

130  c 

4717.52 

I 

9147  -  30338 

70 

4371.43 

II 

35  c 

4728.72 

II 

70 

4373.33 

I 

35 

4738.00 

II 

80 

4376.58 

II 

290 

4742.04 

II 

170 

4379.14 

II 

35  c 

4749.09 

II 

90 

4379.83 

II 

35 

4751.40 

I 

180  c 

4384.83 

II 

100  c 

4757.01 

I 

70  c 

4388.69 

II 

35 

4762.39 

II 

70  h 

4394.98 

I 

35 

4763.57 

II 

150 

4400.55 

II 

55 

4777.48 

II 

126 

4401.24 

II 

30 

4779.42 

' 

180 

4403.27 

I 

70  c 

4781. 19 

I 

200 

4420.56 

II 

65 

4782.92 

I 

9147  -  30048 

55 

4426.20 

II 

55  c 

4786.29 

I 

16735  -  37623 

80 

4429.81 

II 

35 

4791.48 

n 

70 

44.34.96 

I 

15081  -  37623 

35 

4795.92 

130 

4444.63 

I 

15130  -  37623 

45  h 

4798.87 

I 

70 

4445.07 

II 

27 

4812.92 

II 

80 

4447.23 

II 

55 

4832.31 

n 

65 

4463.40 

II 

30 

4833.32 

I 

70 

4467.28 

I 

30 

4855.. 54 

II 

70 

4470.23 

I 

45 

4860.39 

I 

100 

4473.59 

II 

27  c 

4889.67 

II 

300 

4477.64 

II 

30 

4892.35 

I 

18737  -  39171 

120 

4484.57 

II 

35 

4896.44 

II 

140 

4510.82 

1 

55 

4906.99 

II 

90 

4512.55 

11 

45 

4922.73 

I 

100  c 

4526. 14 

11 

55  c 

49.34.89 

I 

170 

4530.08 

11 

290 

49.39.01 

I 

0  -  20241 

170  c 

4.531.28 

I 

27  c 

4946.80 

I 

130  c 

4531.65 

II 

45 

4948. 18 

II 

170 

'    4534.58  ■ 

I 

65  c 

49.59.42 

'I 

65 

4543.80 

I 

35 

4961.03 

II 

90 

4548.94 

II 

55  cw 

4966.73 

II 

45 

45.58.41 

II 

2.50  c 

4967.21 

11 

200 

4562.52 

I 

8427  -  30338 

220 

4979.97 

I 

0  -  20074 

65  (• 

4567.82 

11 

35  c 

4988.96 

I 

8378  -  28417 

55 

4572.42 

11 

90 

4995.05 

I 

Q(l  r 

7\J  t 

'^T  r 
iji  J  \. 

5012.42 

1 

70 

4589.70 

II 

55 

.5013.28 

11 

90  c 

4608.00 

I 

65 

5026.53 

I 

45 

4608.67 

II 

30 

5028. 17 

I 

120  cw 

4609.32 

II 

55 

.5032.95 

II 

4609.52 

II 

5037.60 

65  c 

I 

130 

4613.37 

1 

8378  -  30048 

130 

.5042.37 

I 

45 

4613.99 

II 

35 

,5044.73 

I 

8427  -  28244 

100 

4618.84 

1 

30 

5051.44 

II 

100  c 

4628.22 

1 

30 

5054.92 

II 

290 

4629. 10 

11 

35  c 

5060.75 

I 

55  h 

4632.84 

1 

65 

5074.. 34 

I 

45  c 

4638.19 

II 

80 

5093.07 

I 

4638.29 

II 

140 

5127.81 

I 

70 

4647.75 

II 

55 

5129.27 

II 

200  c 

4649.77 

11 

1.30 

5 142.. 59 

II 

45 

4651.39 

II 

110 

5143.22 

II 

35 

46.52.71 

II 

160 

5 149.. 59 

II 

130  c 

4661.33 

11 

90  c 

5167.88 

140  c 

4674.62 

11 

1.30  c 

5182.11 

8378  -  27670 
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Holmium  —  all  observed  /mes— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 
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Character 

Wavelength 
in  A 

c                     Energy  levels 
spectrum 
^                      m  cm  ' 

00 

0 1 O / . OO 

Q14.7  _  9Q<117 

07 

27 

b 

Oo/V.O 

no  yj 

90 

5190.11 

II 

70 

c 

5882.99 

18 

5195.23 

I 

35 

c 

5892.56 

I 

45 

5221.54 

J 

22 

5904.29 

J 

35  c 

5244.47 

I 

70 

5921.76 

I                  0  -  16882 

uo 

30 

c 

0700. 1 1 

55 

5275.48 

I 

70 

5948.03 

I 

90 

5301.25 

I 

0  -  18858 

45 

5955.98 

J 

35 

5319.24 

I 

70 

5972.76 

J 

35 

5319.65 

I 

90 

5973.52 

I                  0  -  16735 

OU 

oooU. 1 1 

U         lot  00 

22 

CQQ1  A'X 

T                     11  C.Ofi          OQOA  A 

90 

5359.99 

I 

0  -  18651 

230 

Q 

5982.90 

I                  0  -  16709 

55 

5381.40 

I 

55 

6002.04 

30 

5384.56 

I 

27 

6005.33 

J 

30 

5384.97 

I 

35 

6021.43 

J 

10  n 

00  70.00 

16 

OUoo.  V  / 

T                    11 ^QQ  OaOAA 
1                    liOOV  Z0Z44 

70 

5403.17 

I 

27 

6050.71 

100 

5407.08 

I 

45 

6060.31 

J 

14 

5413.62 

jj 

120 

6081.79 

I                   0  -  16438 

16 

5434.39 

jj 

70 

cw 

6133.60 

1  Q 

c  yi  or  Q7 
04O.T.0  ( 

O07O  0A77n 

35 

6100.00 

30 

5445.39 

I 

97 
z  I 

6156.58 

{ 

18 

5449.8 

JJ 

55 

6191.68 

J 

30  h 

5451.90 

J 

0  -  18337 

70 

6208.65 

J 

14 

5454.0 

JJ 

18 

6234.17 

J 

oU  c 

04VO.0  1 

45 

c 

OZ.0O.  /o 

1                     11 AQO  07A7A 

1                116oy  —  ZiOlyj 

30 

5504.51 

j 

c 

6305.36 

I                 0  -  15855 

27 

5515.56 

JJ 

22 

6306.68 

I             22392  -  38244 

18 

5516.45 

JJ 

30 

6321.94 

30 

5534. .33 

J 

30 

c 

6354.35 

J 

oo.i.i.  14 

30 

c 

60/z.OV 

} 

35  c 

5560.94 

j 

Id 

u 

11 

6373.86 

35  b 

5563.6 

HoO 

22 

h 

6413.41 

I             1,5855  -  31443 

70 

5566.52 

21378  -  39338 

27 

c 

6471.77 

18 

5573.96 

11 

13 

6479.17 

J 

OO  Dl 

^  O  1  1 

.1.104.  I 

no  U 

11 

Oolo.oU 

55  b 

5591.1 

HoO 

u 

11 

6538.99 

J 

55  bl 

5592.3 

HoO 

70 

6550.97 

I             15855  -  31115 

30  b 

5607. 1 

HoO 

15 

6.560.08 

I             11530  -  26770 

27 

.5613.64 

I 

35 

d 

6600.. 58 

4.T  b 

.i6zo.4 

Ho  O 

260 

AAA/1  CiA 

06U4.y4 

1                          n         1  c:  1  "3  A 
1                        U  -  l.Tlo6 

65 

5627.60 

I 

8378  -  2fU3 

6607.47 

I                   0  -  15130 

30 

5628.24 

II 

13 

6628.35 

55 

5640.62 

1 

22024  -  39747 

120 

6628.99 

I                   0  -  15081 

70  bs 

5655.9 

HoO 

15 

6632.24 

65  b 

5658.9 

HoO 

9 

h 

6652.98 

140 

5659.58 

I 

1  r 

6662.. 52 

I             16438  -  31443 

70  c 

567 1 .84 

19 

c 

6680.46 

65 

5674.70 

[ 

24 

c 

6681.62 

J 

140  c 

5691.47 

I 

15 

h 

6682.02 

70  bs 

5696.3 

Ho  0 

55 

cw 

6694.32 

¥                          1 AOOO            0 1  0 1  A 

1              lo8o2  -  .5I0I6 

140  c 

5696.57 

I 

lo 

cw 

6722.34 

27 

5734.02 

I 

40 

6745.05 

I              5419  -  20241 

45 

5736.4 

HoO 

13 

6766.74 

55 

5739.24 

I 

28 

c 

6774.68 

I             17059  -  31816 

22 

5749.58 

1 

55 

c 

A70C    A  0 

T                        1  A  7AA           0  1/1/10 

1                16(Uy  —  ol44o 

30 

5766.64 

13 

6793.1 

27  b 

5803.8 

HoO 

13 

cw 

681 1.04 

I             16438  -  31115 

45  b 

58 19.2 

HoO 

15 

cw 

6820.38 

27  h 

5821.90 

I 

24 

6821.64 

I              5419  -  20074 

22 

5839.47 

I 

17 

c 

6825.72 

45  b 

5849.4 

HoO 

8 

h 

6826.62 

140  c 

5860.28 

1 

0  -  17059 

8 

h 

6852.97 

27  h 

5864.42 

I 

17 

cw 

6865.85 

I             16882  -  31443 

45 

5870.85 

I 

9741  -  26770 

9 

6883.36 
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Holmium  —  all  observed  /mes— Continued 
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Wavelength 
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o      ,              Energy  levels 
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in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

Spcctruin 

Energy  levels 
in  cm"' 

13 

6888.50 

} 

16 

7605.35 

j 

15 

c 

6892.96 

12 

7617.05 

8427  -  21552 

17 

6897.95 

I             11530  -  26023 

1  A 

14 

/ OZ  /  . Vo 

Q07Q  01/lQQ 

15 

h 

6903.80 

I             21682  -  36163 

} 

15 

cw 

6913.47 

W 

9 

c 

7A9Q  AO 

7641.14 

} 

9 

6916.70 

I             11689  -  26143 

4 

7648.16 

40 

cw 

6939.49 

I             16709  -  31115 

14 

c 

7653.80 

I 

45 
13 

cw 

hi 

6950.39 
6955.3 

I 

II 

12 
20 

c 

/oo  /  .oU 

1  U"V/.  to 

19 

6976.7 

50 

c 

7693.15 

I 

10 

6985.11 

40 

cw 

7715.06 

I 

9 

6994.38 

16 

7719.05 

I 

8427  -  21378 

14 

h 

7000.71 

16 

h 

7738.98 

10 

7079.07 

8 

c 

7752.01 

12 

7098.58 

60 

cw 

7815.48 

I 

18651  -  31443 

0 

794.9  ns 

I                 19^'^Q  —  ')f\}A'\ 

40 

cw 
h 

7823.63 

I 

0 

8 

7879.22 

I 

14, 

7308.55 

60 

7894.64 

25 

7341.43 

10 

h 

8464.66 

; 

9741  -  21552 

18 

7389.40 

10 

h 

8482.67 

c 
D 

10 

u 
n 

h 

'7A(\A.  on 

1 0  tU. 1 4 

1                  D^IV  —  lo<5o 

50 
20 

8512.94 
8545.61 

II 

9741  -  21485 

140 

7555.09 

I 

18 

8601.84 

II 

18 

7589.20 

I              8378  -  21552 

40 

8670.19 

I 

0  -  11530 

25 

7591.87 

I 

8 

h 

8697.32 

7593.64 

16 

h 

8805.48 

II 

9 

h 

20 

c 

8834.49 

5419  -  16735 

7 

h 

7594.35 

12 

7602.31 

II 

90 

8915.98 

II 
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Indium 

In,  Z  =  49,  M  =  1 14.82,  Ratio      =  1 .807 

Cu 

In  I  Normal  state  of  valence  electrons  Ss^Sp  ^p^/j^O.  LP.  =  46670  cm-^. 
In  II  Normal  state  of  valence  electrons  5s^  ^So  =  0.  I. P.  =  152195  cm"^ 

References 

Wavelengths  and  Classification: 

In  I,  F.  Paschen,  Ann.  der  Physik  32,  148  (1938). 

In  II,  F.  Paschen  and  J.  S.  Campbell,  Ann.  der  Physik  31,  29  (1938). 


Indium  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  o 

^  "  spectrum 

Energy  levels 

in  cm"' 

180 

2306.06 

11 

0  -  43349 

180  c 

2836.92  I 

2213  -  37452 

40 

2389.54 

0  -  41836 

30  c 

2858.14  I 

0  -  34978 

60 

2460.08 

0  -  40637 

1100 

2932.63  I 

2213  -  36302 

30  h 

2468.02 

2213  -  42718 

20  c 

2957.01  I 

2213  -  36020 

100 

2521.37 

2213  -  41862 

8000 

3039.36  I 

0  -  32892 

1100 

2560.15 

0  -  39048 

13000 

3256.09  I 

2213  -  32916 

200 

2601.76 

2213  -  40637 

3000 

3258.56  I 

2213  -  32892 

1600 

2710.26 

2213  -  39098 

17000 

4101.76  I 

0  -  24373 

300 

2713.94 

2213  -  39048 

18000 

4511.31  I 

2213  -  24373 

700 

2753.88 

0  -  36302 

8  h 

6847.44  I 

24373  -  38972 

40 

2775.37 

I 

0  -  36020 

4  h 

6900.13  I 

24373  -  38861 
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Iridium 

Ir,  Z  =  11.M=  192.2,  Ratio       -  3.025 

Lu 

Ir  I  Normal  state  of  valence  electrons  ^''ds^  '^Y^  1/2  =  0.  LP.  =  73000  cm-'. 
Ir  II  Normal  state  of  valence  electrons  5d''6s  ^¥5  =  0. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Ir  I,  W.  Albertson,  Phys.  Rev.  54,  183  (1938);  T.  A.  M.  van  Kleef,  Physica  23,  843  (1957). 
Ir  II,  T.  A.  M.  van  Kleef,  unpublished  material  (1969). 


Strong  lines  of  iridium 


Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 

:  -1 

Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Character 

111  Ulll 

Character 

17000 

2088.82 

0  - 

47858 

4500 

2175.24 

0  - 

45957 

15000 

2033.57 

0  - 

49159 

4400 

2924.79 

0  - 

34180 

14000 

2092.63 

2835  - 

50606 

9900 

2010.65 

0  - 

49719 

4100 

2502.98 

0  - 

39940 

8700 

2022.35 

2835  - 

52266 

3800 

2849.72 

0  - 

35081 

2158.05 
2543.97 
2052.22 

2835  - 
2835  - 
6324  - 

49159 
42132 
55036 

3700 

2083.22 

5785  - 

53772 

7900 
7900 
6200 

3700 
3500 

2148.22 
2152.68 

II 

7107  - 
4788  - 

53642 
51227 

5800 

2169.42 

II 

3500 

2372.77 

0  - 

42132 

5100 

3220.78 

2835  - 

33874 

3500 

2639.71 

0  - 

37872 

5000 

2060.64 

7107  - 
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Iron 

Fe,Z  =  26,  M  =  55.85,  Ratio  ^  =  0.879 

Fe  I   Normal  state  of  valence  electrons  3dHs^       =  0.  LP.  =  63700  cm"*. 
Fe  II  Normal  state  of  valence  electrons  3dHs^D4ii2  =  0.  I.P.  =  130524  cm-^. 
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Iron  — all  observed  /iraes— Continued 


Intensity 

And 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Snppf  ni  in 

Energy  levels 
in  cm"' 

800 

2947.88 

I 

416 

34329 

110 

3125.65 

J 

7986 

39970 

35 

2948.43 

I 

21999 

- 

55906 

70 

3175.45 

I 

19351 

- 

50833 

600 

2953.94 

704 

- 

34547 

140 

3180.23 

I 

19757 

- 

51192 

320 

2957.36 

I 

888 

34692 

60 

3184.90 

I 

416 

31805 

80 

2959.99 

21716 

55490 

70 

3191.66 

I 

0 

31323 

180 

2965.26 

I 

978 

34692 

70 

3192.80 

I 

20020 

51331 

1700 

2966.90 

I 

0 

- 

33695 

110 

3193.23 

I 

0 

— 

31307 

40 

2969.36 

I 

888 

- 

34556 

240 

3196.93 

I 

19562 

- 

50833 

80 

2969.48 

I 

6928 

— 

40594 

140 

3199.52 

I 

19562 

— 

50808 

340 

2970.10 

I 

888 

— 

34547 

150 

3200.48 

I 

19913 

— 

51149 

600 

2973.13 

I 

7nd. 

( US' 

110 

3205.40 

J 

DiZUo 

1200 

2973.24 

I 

416 

_ 

34040 

70 

3210.83 

I 

19913 



51048 

10 

2976.13 

I 

18378 

- 

51969 

150 

3211.99 

I 

19351 

- 

50475 

10 

2980.54 

I 

22249 

- 

55791 

300 

3214.04 

I 

19757 

- 

50862 

280 

2981.45 

I 

416 

- 

33947 

60 

3214.40 

I 

704 

- 

31805 

12 

2981.85 

I 

1  (OoU 

70 

3215.94 

I 

lyylo 

c  AAOQ 

1400 

2983.57 

I 

0 

33507 

50 

3217.38 

I 

19351 

50423 

120 

2984.78 

I 

6928 

- 

40422 

120 

3219.58 

I 

19757 

- 

50808 

2984.83 

II 

13474 

- 

46967 

70 

3219.81 

I 

19562 

- 

50611 

12 

2986.46 

I 

888 

- 

34363 

340 

3222.07 

I 

19351 

- 

50378 

120 

2987.29 

I 

noil 
loll 

500 

3225.79 

J 

r  AO/1  0 

50 

2990.39 

I 

21999 

55430 

190 

3227.75 

II 

13474 

44447 

1200 

2994.43 

I 

416 

- 

33802 

3227.80 

I 

19562 

- 

50534 

10 

2996.39 

I 

19552 

- 

52916 

70 

3230.97 

I 

19757 

- 

50699 

360 

2999.51 

I 

6928 

- 

40257 

70 

3233.97 

I 

19562 

- 

50475 

50 

3000.45 

1  1  07A 

1  ly /o 

300 

3239.44 

I 

1100 

3000.95 

I 

704 

34017 

220 

3244. 19 

I 

19562 

50378 

100 

3003.03 

I 

7728 

- 

41018 

130 

3265.62 

I 

17550 

- 

48163 

35 

3007.14 

I 

11976 

- 

45221 

150 

3271.00 

I 

17727 

- 

48290 

100 

3007.28 

I 

704 

- 

33947 

280 

3286.76 

I 

17550 

- 

47967 

900 

3008.14 

ooo 
ooo 

280 

3305.97 

J 

I  7707 

II  lil 

A  70A7 

280 

3009.57 

I 

7377 

40594 

280 

3306.35 

I 

17927 

48163 

50 

3011.48 

I 

22249 

- 

55446 

60 

3355.23 

I 

26627 

- 

56423 

80 

3016.18 

I 

7986 

- 

41131 

80 

3369.55 

I 

21999 

- 

51668 

200 

3017.63 

I 

888 

- 

34017 

120 

3370.79 

I 

21716 

- 

51374 

180 

3018.98 

I 

1  iZo 

A  AO  A  O 

80 

3383.98 

I 

A  7A03 

600 

3020.49 

I 

704 

33802 

70 

3392.31 

I 

17727 

47197 

2800 

3020.64 

I 

0 

- 

33096 

150 

3392.66 

I 

17550 

- 

47017 

1600 

3021.07 

I 

416 

- 

33507 

220 

3399.34 

I 

17727 

- 

47136 

260 

3024.03 

I 

888 

- 

33947 

150 

3404.36 

I 

17727 

- 

47093 

180 

3025.64 

19390 

52431 

300 

3407.46 

J 

17550 

4oooy 

380 

3025.84 

I 

978 

34017 

230 

3413.14 

I 

17727 

47017 

180 

3026.46 
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- 

47136 

190 

3031.64 

8155 

41131 

160 

3424.29 

J 

1  7C  C  A 

17550 
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559-795  0-75-10  (pt.  1) 


Lanthanum 


La,  Z  =  57,  M  =  138.905,  Ratio  7^  =  2.186 

Lu 

La  I    Normal  state  of  valence  electrons  5d6s^  ^Di  1/2  =  0.  LP.  =  44981  cm~*. 
La  II   Normal  state  of  valence  electrons       W2  =  0.  LP.  =  89200  cm"*. 
La  III  Normal  state  of  valence  electrons  Sc^^Dn/z  =  0.  LP.  =  154675  cm"^ 
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G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939),  above  7550  A. 
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La  I,  La  ll  and  La  III,  H.  N.  RusseU  and  W.  F.  Meggers,  J.  Research  NBS  9, 625  (1932)  RP  497. 
La  I,  A.  Giachetti  and  M.  Wilson,  J.  Opt.  Soc.  Am.  58,  740A  (1968). 

LaO,  W.  F.  Meggers  and  J.  A.  Wheeler,  J.  Research  NBS  6, 239  (1931)  RP  273. 


Strong  lines  of  lanthanum 


Intensity 
and 

Wavelength  c 

in  A  Spectrum 

Energy  levels 

;_  -1 

Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Character 

in  cm 

Character 

9000 

3949.10  11 

3250  - 

28565 

2200 

3929.22 

1394  - 

26838 

5500 

4086.72  11 

0  - 

24463 

2000 

4429.90 

1895  - 

24463 

4600 

4333.74  11 

1394  - 

24463 

4400 

3988.52  11 

3250  - 

28315 

1700 

3886.37 

2592  - 

28315 

4400 

4123.23  11 

2592  - 

26838 

1600 

3849.02 

0  - 

25973 

3900 
3700 
3600 

3794.78  11 
3790.83  11 
3995.75  11 

1971  - 
1016  - 
1394  - 

28315 
27388 
26414 

1600 
1500 
1500 

4238.38 
3337.49 
3380.91 

3250  - 
3250  - 
2592  - 

26838 
33204 
32161 

3400 

3871.64  11 

1016  - 

26838 

1500 

4196.55 

2592  - 

26414 

3000 

4042.91  11 

7473  - 

32201 

1300 

3916.05 

1895  - 

27424 

2800 

4031.69  11 

2592  - 

27388 

1100 

2297.78 

III 

1603  - 

45111 

2800 

4077.35  11 

1895  - 

26414 

1100 

3921.54 

1895  - 

27388 

2400 

3759.08  11 

1971  - 

28565 

1100 

4151.97 

1895  - 

25973 

128 


Lanthanum  —  all  observed  lines 
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4438.01 

LaO 

70 

4839.52 

1 

7012 

- 

27669 

50 

bl 

4443.00 

LaO 

45 

4840.01 

11 

2592 

- 

23247 

100 

4452. 15 

I 

45 

4850.. 58 

II 

bZZ  I 

Orf^O  0  o 
ZDOOO 

inn 

4455.80 

11 

5718 

-  28155 

70 

48,50.82 

1 

1053 

21663 

40 

4468.97 

I 

3010 

-  25380 

23 

48.54.95 

1 

9184 

- 

29776 

40 

4486.06 

I 

7490 

-  29776 

320 

4860.91 

11 

1971 

- 

22537 

40 

4493.11 

[ 

1053 

-  23303 

35 

4870., 56 

1 

8446 

- 

28972 

40 

4494.7 1 

I 

2668 

-  24910 

65 

4878.86 

I 

OAC  O 

oOoz 

OO  C  /I  0 

90 

4500.22 

I 

I  ()oU 

26 

4887.61 

1 

850 

4522.37 

II 

10095 

-  ,32201 

850 

4899.92 

11 

0 

20403 

170 

4525.31 

II 

15699 

-  37791 

65 

4901.87 

1 

1053 

21448 

420 

4526.12 

II 

6227 

-  28315 

26 

4905. 13 

I 

7012 

27393 

30 

4o41 .  /y 

1 

7490 

-  29502 

1  uuu 

d.Q9n  QH 

1016 

21332 

80 

4549.50 

I 

3010 

-  24984 

1000 

4921.79 

11 

1971 

22283 

400 

4558.46 

II 

2592 

-  24523 

140 

4934.83 

11 

10095 

30353 

110 

4559.29 

II 

6227 

-  28155 

26 

4935.62 

II 

5718 

25973 

160 

4567.91 

I 

3495 

-  25380 

26 

4945.85 

I 

7012 

27225 
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Intensity 

cind 
Character 

Wavelength 
in  A 

Sn**rtrii  m 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Snf**^trii  m 

Energy  levels 
in  cm"' 

IT 

1895 

-  22106 

^•377  AO 

II 

11 

18580 

37173 

370 

4949.77 

I 

0 

-  20197 

21 

5380.01 

I 

9961 

28543 

65 

4952.07 

II 

19215 

-  39403 

140 

5380.99 

II 

7395 

- 

25973 

340 

4970.39 

II 

2592 

-  22705 

80 

5381.92 

II 

17212 

- 

35788 

35 

4977.95 

I 

0 

-  20083 

21  bl 

5405.66 

LaO 

4986  83 

II 

1394 

-  21442 

24  bl 

5407.69 

1  a  O 

140 

4991.28 

II 

7395 

-  27424 

26 

5415.68 

7490 

25950 

65 

4993.88 

I 

0 

-  20019 

40 

5429.86 

I 

7231 

— 

25643 

35 

4996.82 

II 

19215 

-  39222 

21 

5437.54 

I 

7231 

- 

25617 

720 

4999.47 

II 

3250 

-  23247 

500 

5455.15 

I 

1053 

— 

19379 

I 

1 

8052 

-  28040 

•JO 

Ot-OO.  O" 

J. 

18895 

37210 

35 

5002.13 

II 

18236 

-  38221 

45 

5464., 38 

II 

6227 

24523 

35  h 

5019.51 

I 

13 

5466.92 

I 

8052 

_ 

26339 

140 

5046.88 

I 

3495 

-  23303 

40 

5475.17 

I 

26 

5048.04 

II 

19215 

-  39019 

26 

5480.73 

II 

17212 

— 

35453 

91ft 

=>ft'in  '^7 

1 

301  ft 

-  99flft4. 

U  J 

CAQO  97 

J. 

0 

189^6 
I  ozou 

170 

5056.46 

I 

-  99d'^Q 

ZZ'*07 

26 

5491.07 

I 

7ft  1  9 

'  u  1  z 

9^91  R 

Z,>Z  1  o 

45 

5062.92 

11 

6227 

-  25973 

40 

5493.45 

II 

1016 

_ 

19215 

45 

5067.90 

I 

3495 

-  23221 

470 

5501.34 

I 

0 

- 

18172 

24 

5078.92 

I 

15197 

-  34881 

26 

5502.25 

I 

9920 

- 

28089 

OU  /  V.oo 

I 
1 

lo 

ooUz.o  / 

91  66^ 
Z  IDOo 

35  h 

5080.21 

II 

1  "^774 

90 

5503.81 

I 

dl  99 
^  1  zz 

99986 
zzzou 

24 

5103.13 

I 

15197 

-  34787 

50 

5506.00 

I 

0 

I 

18157 

200 

5106.23 

1 

2668 

-  22247 

40 

5515.28 

I 

7490 

- 

25617 

470 

5114.56 

II 

1895 

-  21442 

65 

5517.34 

I 

9920 

- 

28040 

C  1  on  QQ 

.J  1  ZU.oo 

1 
1 

—  97Q6Q 

1  Q 

CCOA  Q7 

006 1 

yyO  1 

98ftdn 

470 

5122.99 

II 

-  991ft6 

13 

5.532.06 

I 

7fll  9 

/  U  1  z 

OCAQQ 
Z,)V/00 

21 

5135.44 

1 

15197 

-  34664 

90 

5,535.67 

11 

10095 

28155 

24 

51.39.16 

I 

16099 

-  355.52 

65 

5541.26 

I 

9184 

- 

27225 

450 

5145.42 

I 

3010 

-  22439 

24 

5544.91 

I 

9719 

- 

27749 

loU 

^  1  ^f.  7,1 
.)  1  .>0 .  /  4- 

r  r 
1 1 

1  U  lO 

—  9fid.n*^ 

Zl.'4-Uo 

dO 

0.90.9. 44- 

. 

i  OoV 

Z,0O4',5 

180 

5157.43 

II 

I  I  oZD 

-  '^7910 

.  >  (  Z  I VJ 

40 

5.565.72 

I 

ou  1  \J 

9ft079 

ZW7  I  z 

290 

5158.69 

I 

0 

-  19379 

24 

5.566.94 

II 

19215 

I 

37173 

120 

5163.62 

II 

1971 

-  213.32 

80 

5.568.46 

I 

3495 

- 

21448 

80 

5167.79 

I 

4122 

-  23467 

16 

5.570.38 

I 

0 

- 

17947 

zo 

1  79  0  1 
. }  i  /  Z .  V  1 

1 1 

looV.) 

■^09  9  1 

ou 

O.Ooo.  .?4- 

I 

O'+V.) 

9  1  ^PA 
Z  1  .jo^ 

80 

5173.84 

II 

OZZU  I 

1  c:9,l 
0  1  r)Z4- 

80  bl 

.5600.02 

LaO 

580 

5177.31 

I 

99Qn/l 
—  ZZoVJ'4- 

110  bl 

5602.. 50 

LaO 

24 

5179.12 

I 

8446 

-  27749 

35  bl 

.5626.03 

LaO 

850 

5183.42 

II 

3250 

-  22537 

45  bl 

,5628.60 

LaO 

OA 

1  o.>.  Vz 

I 

1  U.J.) 

ZU.j.Jo 

1  AA 

QA"?!  00 
O0,5  1  .ZZ 

! 

ou  1  \) 

Z\}  i  1)0 

.1  loo.zz 

1 1 

0.) 

.00.5Z.U.5 

' 

7f\  1  9 
/  U  I Z 

9/1  7^*^ 
L'i  i  DO 

170 

5204. 15 

II 

18S80 

-  37791 

40 

,5639.31 

I 

7490 

I 

25218 

720 

5211.86 

I 

4122 

-  23303 

240 

5648.25 

I 

9920 

- 

27620 

35 

5226.21 

II 

17826 

-  36955 

35  b 

,56,54.82 

LaO 

1 

7231 

- 

24910 

con 

C  0  'J  1    O  7 

1 

1  111 

35 

5239.55 

I 

-    ll\  .5.5 

16 

,56,56.54 

[ 

(17  1  A 

0  7  "J 
Z  /.5y.5 

26 

5240.83 

I 

15197 

-  34272 

1.30 

,5657.72 

I 

2668 

20338 

340 

5253.46 

1 

1053 

-  20083 

50 

,5671.. 55 

11 

17826 

35453 

35 

5257.85 

1 

16538 

-  35552 

90 

.5696.19 

I 

10.53 

- 

18604 

1  1  A 

r-lcil  "J A 
.)J.lV..iV 

1 1 

1  'J  A  1 

1  jy4 

OA  1  AO 

1.5 

. 

/I  I  00 

■1-  Izz 

0  1  A  A  "3 
Z  iDOO 

370 

5271. 19 

1 

lU.o.i 

OAA  1  O 

45 

5703. .33 

II 

C7  1  Q 

0  "J  0/1  7 

50 

5276.42 

1 

8446 

-  27393 

10 

5710.85 

9719 

2T22S 

26 

5279.13 

II 

18236 

-  37173 

65 

5712.40 

II 

1394 

- 

18895 

140 

5290.84 

II 

0 

-  18895 

40 

5714.02 

I 

7012 

- 

24.508 

37A 

f  I 
1 1 

-  zz lUo 

0  /  I'+.O.O 

. 

yyo  1 

O  7  /I  C  C 

z  /  4.0.0 

140 

5302.62 

11 

i6.ivy 

45 

5720.02 

1 

1  -1  AC 

0  AA7  O 

zuy  /  Z 

180 

5303.55 

11 

26 

5727.29 

II 

5250 

22705 

45 

5301.02 

I 

7490 

-  26339 

40 

57.34.95 

1 

9961 

27393 

24 

5307.53 

I 

15197 

-  34033 

180 

5740.66 

1 

2668 

20083 

16 

5320. 16 

1 

3495 

-  22286 

lo 

^710  OA 
,0  /  'f  Z. 

. 

7231 

24639 

35 

5323.57 

1 

8446 

-  27225 

160 

5744.41 

T 

7680 

25083 

110 

5340.67 

II 

18236 

-  36955 

160 

,5761.84 

2668 

20019 

110 

5357.86 

1 

7680 

-  26339 

160 

5769.07 

II 

10095 

27424 

21 

5365.89 

1 

7012 

-  25643 

370 

5769., 34 

3010 

20338 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

80 

5769.99 

I 

8052 

- 

25378 

80 

6129.56 

II 

6227 

- 

22537 

320 

5789.24 

I 

3495 

- 

20763 

50 

6134.39 

I 

7231 

- 

23528 

450 

C  "7  A  1  OA 

i>  /y  1  .o4 

4122 

21384 

24  h 

6142.98 

j 

C7A'7  CO 

11 

1Q71 

1091^% 

13 

iit  AC  OA 

6145.30 

^  1 9RH 

loO 

COAC  "70 
OOUC).  /o 

IT 
11 

1016 

1  o 

lo 

/il  A£.  CO 

6146.53 

Tf 
11 

17  J  1 

10 

5808.06 

I 

9920 

- 

27132 

80 

6165.70 

I 

7490 

- 

23705 

50 

5808.32 

II 

0 

- 

17212 

35 

6172.73 

II 

1016 

- 

17212 

140 

C  OO  1  AA 

DOZl.VV 

} 

9961 

27132 

26 

6188.09 

II 

23247 

39403 

50 

com  o  o 

5823.83 

} 

9^9 1 R 

16 

6203.51 

II 

ZZ  lUD 

24 

COO"?  C£ 

^0007 

13 

£  O  1  O  OA 

6218.20 

0090 

wzu 

9CQQ7 

80 

5829.72 

I 

7490 

- 

24639 

35 

6233.51 

I 

7490 

- 

23528 

16 

5839.79 

1053 

- 

18172 

35  h 

6234.86 

I 

9184 

- 

25218 

24 

5845.03 

J 

1053 

18157 

18  h 

6236. 17 

j 

65 

5848.38 

13  h 

6236.74 

{ 

79^1 
/  ZOi 

9^9A1 
ZOZO 1 

13 

C 0,1 0  AC 

11 

9 1  d.d.9 

18  h 

£000  CA 

6238.59 

/oou 

Zo  i\)o 

35  h 

5852.27 

I 

7680 

_ 

24763 

720 

6249.93 

I 

4122 

_ 

20117 

80 

5855.58 

3010 

- 

20083 

260  d 

6262.30 

3250 

- 

19215 

80 

5863.71 

I  f 
11 

7473 

24523 

90 

6266.02 

I 

9920 

25875 

16  bl 

5866.42 

La  0 

13 

6273.76 

II 

OA  COO 

Ar\A  CO 

4U4ao 

16  bl 

5869.50 

LaO 

18 

6287.74 

I 

O  1  Q/i 

y  lo4 

0CAQ3 

zoUBo 

16 

5869.95 

I 

8052 

_ 

25083 

16 

6288.56 

I 

9719 

_ 

25617 

21 

5874.00 

II 

6227 

- 

23247 

65 

6293.57 

I 

3495 

- 

19379 

45 

5874.73 

I 

7490 

— 

24508 

180 

6296.09 

II 

10095 

— 

25973 

21 

5877.63 

I 

o\)l\) 

OAA  1  A 
ZUU  IV 

21 

6305.46 

II 

1  7Q0A 

16 

5877.99 

1 

16 

6310. 14 

I 

I  7Q1  f\ 

OO  loo 

65 

5880.64 

II 

1895 

_ 

18895 

35 

6310.92 

II 

21332 

_ 

37173 

16  bh 

,5893.57 

LaO 

16 

6318.26 

I 

8052 

- 

23875 

65 

5894.85 

I 

7680 

— 

24639 

160 

6320.39 

II 

1394 

— 

17212 

16  bh 

5896.67 

LaO 

1 10 

6325.91 

I 

1  AC  0 

lOoo  / 

10 

5900.75 

I 

"7011 

O/l  1  "7  1 

Z4 1  (4 

35 

6358. 13 

II 

0  /  lo 

91/1/10 

16 

5901.96 

11 

22283 

39222 

35 

6360.22 

I 

9044 

_ 

24763 

16 

5904.30 

1 

8052 

- 

24984 

170 

6390.48 

II 

2592 

- 

18236 

45 

5917.63 

I 

1053 

- 

17947 

450 

6394.23 

I 

3495 

— 

19129 

16  bh 

5920.84 

LaO 

50 

6399.05 

II 

O  I  0  0  o 

o/^nc  c 

16  bh 

5923.97 

LaO 

210 

6410.99 

I 

3010 

18604 

16 

,5927.71 

II 

22,537 

_ 

39403 

35 

6446.61 

II 

22283 

_ 

37791 

21 

5928.49 

I 

7012 

- 

23875 

21 

6448. 1 1 

I 

2668 

- 

18172 

320 

.59.'^0.62 

I 

10,53 

- 

17910 

13 

6450.34 

I 

9719 

- 

2,5218 

.5930.68 

I 

A 
U 

1  /lO  C  "7 

16oo  / 

90  c 

64.54.52 

I 

1  O  1  C  7 

65 

.5935.24 

' 

3495 

20338 

2,50 

6455.99 

I 

1  AC  0 

1     C  0  O 

50 

5936.22 

11 

1,394 

_ 

182,36 

13  h 

6468.44 

I 

9184 

_ 

24639 

13 

5940.83 

I 

7680 

- 

24508 

24  h 

6485.. 55 

8052 

- 

23467 

18  h 

5948.30 

11 

20403 

- 

37210 

40 

6498. 19 

11 

20403 

- 

.35788 

26 

5960.59 

I 

8446 

252 18 

10 

6506.23 

I 

1  A  AA<i 

14uy6 

OA,1  £  1 

29401 

16 

5962.60 

' 

9184 

25950 

21  h 

6520.74 

I 

16 

,5965.. 30 

1 

110 

6,526.99 

II 

1895 

_ 

17212 

13 

,5971.09 

II 

10095 

_ 

26838 

10  h 

6529.73 

II 

7395 

- 

22705 

45 

5973.53 

II 

22283 

- 

,39019 

130 

6543. 16 

I 

2668 

- 

17947 

18  h 

.5975.75 

' 

7680 

24410 

26 

6565.44 

I 

1053 

1  £  OOA 

16280 

26 

5982.35 

I 

2668 

19379 

8 

6570.96 

II 

6227 

O  1  .1  .1  o 

21442 

16 

5992.36 

I 

7490 

24174 

140 

6578.51 

I 

0 

_ 

15197 

65 

6007.36 

I 

4122 

- 

20763 

10 

6.582. 19 

I 

16099 

- 

31288 

16 

6017. 16 

I 

13260 

- 

29875 

45 

6593.46 

I 

3010 

- 

18172 

50 

6038.59 

I 

7490 

24046 

35 

6600. 17 

I 

3010 

18157 

13 

6041.55 

I 

14804 

313,52 

45 

6608.26 

I 

9961 

25090 

13 

6067.14 

II 

6227 

22705 

50 

6616..59 

1 

3495 

_ 

18604 

45 

6068.68 

1 

7231 

_ 

23705 

10 

6631.21 

I 

13 

6072.05 

I 

8446 

24910 

10 

6636., 53 

II 

7473 

22537 

16  h 

6084.89 

1 

16857 

33287 

26 

6642.79 

II 

20403 

35453 

40 

6100.38 

II 

5718 

22106 

35 

6644.41 

I 

1053 

16099 

16 

6107.27 

[ 

3010 

19379 

18 

6645.16 

I 

16243 

31288 

80 

6108.48 

7680 

24046 

70 

66,50.81 

0 

1,5032 

45 

6111.72 

8052 

24410 

80 

6661.40 

4122 

19129 

80 

6126.09 

11 

10095 

26414 

35  c 

6671.40 

II 

3250 

18236 

26 

6127.05 

8446 

24763 

40 

6692.87 

3010 

17947 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength 
in  A 

Snppf  rii  m 

l^K  UIII 

Energy  levels 
in  cm"' 

Q 

o 

66QQ  ?S 

I 

50 

h 

JAM  ns 

J 

8052 

21448 

9 

6699.85 

I 

50 

bl 

7465.25 

LaO 

180 

6709.50 

I 

3010 

- 

17910 

95 

bl 

7465.48 

LaO 

19 

6714.09 

II 

22283 

37173 

75 

cw 

7483.50 

II 

1016 

14375 

7 

6718.68 

II 

24523 

- 

39403 

40 

bl 

7496.50 

LaO 

7 

A7Q0  7Q 

11 

22106 

- 

36955 

VD 

01 

7496.78 

LaO 

35 

6748.13 

I 

8446 

- 

23261 

jU 

7498.83 

I 

oVdZ 

z  lo(54 

60 

6753.04 

I 

0 

- 

14804 

30 

L 
D 

7506.79 

LaO 

120 

6774.26 

II 

1016 

15774 

19 

bl 

7528.21 

LaO 

7 

0  (  VO.  /  O 

1 

0 

14709 

50 

bl 

7528.39 

LaO 

29  h 
14 

6808.86 
6813.66 

II 
11 

1016 

22537 

- 
- 

15699 
37210 

ou 
oo 
oo 

hi 

7533.59 
7539.23 
7560.09 

I 

I 

LaO 

oUiU 

0 

lOZoU. 

A  C 

45 

6823.78 

I 

7012 

- 

21663 

35 

bl 

7592.26 

LaO 

0  c 

35 

i^oo A  nc 
00^4.1)5 

1 1 
11 

1971 

16599 

19 

h 

7612.94 

II 

1016 

— 

14148 

6837.90 

I  T 
11 

9509 

1  791  9 

6859.03 

II 

10 

h 

u 

7624.99 

LaO 

8  h 

3250 

- 

17826 

21 

/004.o4 

T 
1 

3405 
o^yo 

165^fl 

21 

6917.24 

I 

3495 

- 

17947 

15 

h 

7841.80 

I 

3495 

16243 

12 

^ rt  1  o  OA 
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Lead 


Pb,  Z  =  82,  M  =  207.2,  Ratio  ^  =  3.261 

Pb  I   Normal  state  of  valence  electrons  6s^6p^  ^Po  =  0.  LP.  =  59820  cm'^. 
Pb  II  Normal  state  of  valence  electrons  6s^6p  ^P°,^  =  0.  LP.  =  121243  cm-i. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 

York,  1939). 
W.  F.  Meggers,  unpublished  material  (1955). 

Classification: 

Pb  I,   D.  R.  Wood  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  58,  818  (1968). 
Pb  II,  L.  T.  Earls  and  R.  A.  Sawyer,  Phys.  Rev.  47, 115  (1935). 


Lead— all  observed  lines 


Intensity 
and  1 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength  r. 

^  bpectrum 

Energy  levels 
in  cm"' 

6000 

2022.02 

0 

-  49440 

3000 

2663. 16  I 

10650  - 

48189 

7000 

2053.27 

0 

-  48687 

10000 

2801.99  I 

10650  - 

46329 

5500 

2169.99 

0 

-  46069 

4100 

2823.20  I 

10650  - 

46061 

1400 

2203.53 

II 

14081 

-  59448 

9500 

2833.06  I 

0  - 

35287 

200 

2246.88 

7819 

-  52312 

2800 

2873.32  I 

10650  - 

45443 

70 

2332.44 

10650 

-  53511 

30 

3220.57  I 

21458  - 

52500 

35 

2388.80 

10650 

-  52500 

1100 

3572.74  I 

21458  - 

49440 

1700 
30 
600 

2393.79 
2399.60 
2401.95 

10650 
106.50 
7819 

-  .52412 

-  .52312 

-  49440 

5500 
340 
14000 

3639.58  I 
3671.51  I 
3683.48  I 

7819  - 
21458  - 
7819  - 

35287 
48687 
34960 

130 

20  h 

2411.73 
2428.63 

106,50 
21458 

-  52102 

-  62621 

2800 

3739.95  I 

21458  - 

48189 

380 

2443.84 

7819 

-  48726 

400 

4019.64  I 

21458  - 

46329 

700 

2446.19 

7819 

-  48687 

34000 

4057.83  I 

10650  - 

35287 

1300 

2476.38 

7819 

-  48189 

550 

m 

4062.14  I 
4168.03  I 

21458  - 
21458  - 

46069 
45443 

1100 

2577.27 

106,50 

-  49440 

500 

2613.65 

7819 

-  46069 

90 

5005.44  I 

29467  - 

49440 

7000 

2614.18 

7819 

-  46061 

35 

5201.47  I 

29467  - 

48687 

240 

2628.28 

10650 

-  48687 

8  hi 

6001.93  I 

35287  - 

51944 

16 

2657.09 

7819 

-  45443 

140 

7229.00  I 

21458  - 

35287 
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Lithium 

Li,  Z  =  3,  M  =  6.94,  Ratio  ^  =  0.1092 

Li  I  Normal  state  of  valence  electrons  ls^25  ^S:/2  =  0.  LP.  =  43487  cm"^ 
Li  II  Normal  state  of  valence  electrons  Is^  ^So  =  0.  LP.  =  610079  cm"i. 

References 

Wavelengths  and  Classification: 

Li  I,  I.  Johansson,  Ark.  for  Fysik  15,  169  (1958). 


Lithium  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cni~' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

50 

2741.18 

I 

0  -  36470 

3200 

6103.62 

I 

14904  -  31283 

170 

3232.63 

I 

0  -  30925 

36000 

6707.84 

I 

0  -  14904 

130  hi 

4602.86 

I 

14904  -  36623 

480 

8126.34 

I 

14904  -  27206 

80  h 

4971.70 

I 

14904  -  35012 
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Lutetium 


Lu,  Z  =  71,  M  =  174.97,  Ratio  7^  =  2.753 

Lul    Normal  state  of  valence  electrons  5c?65^^Dii/2  —  0.  I. P.  =  43762  cm~^ 
Lull   Normal  state  of  valence  electrons  65^  'So  =  0.  LP.  =  112000  cm~'. 
LulII  Normal  state  of  valence  electrons  6s  ^Si  =  0.  LP.  =  169049  cm"'. 

References 

Wavelengths,  Spectrum  Assignments  and  Molecular  Spectra  (LuO): 

W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  19  ,  31  (1937)  RP  1008. 

Classification: 

Lu  I,    P.  F.  A.  KUnkenberg,  Physica  21,  53  (1954). 

Lull,   L.  F.  H.  Bovey  and  R.  W.  B.  Pearse,  Atomic  Energy  Research  EstabHshment  C/R  1976  (Harwell, 
1956). 

LulII,  W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  5  ,  73  (1930)  RP  187. 
A.  Steudel,  Zeits.  Physik  152, 599  (1958). 


Strong  lines  of  lutetium 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

18000 

2615.42 

II 

0  - 

38223 

4800 

3567.84 

I 

0  -  28020 

9000 

2911.39 

II 

14199  - 

48537 

4500 

2900.30 

II 

12435  -  46904 

8300  c 
7600 

3507.39 
3281.74 

II 
I 

0  - 
1994  - 

28503 
32457 

4200 

2701.71 

II 

14199  -  51202 

7600 

3359.56 

I 

1994  - 

31751 

4200 

2963.32 

II 

11796  -  45532 

7500 
6300 
6200 

3077.60 
2894.84 
3312.11 

II 
II 
I 

12435  - 
14199  - 
0  - 

44919 
48733 
30184 

4100 
3800 
3600 

3397.07 
3278,97 
2754.17 

II 
I 

II 

11796  -  41225 
0  -  30489 
12435  -  48733 

6200 

5100  h 

3376.50 
3081.47 

I 
I 

0  - 
1994  - 

29608 
34436 

3300 
3100 

4518.57 
4124.73 

I 
I 

0  -  22125 
7476  -  31714 

4800 

3254.31 

II 

14199  - 

44919 

3000 

2847.51 

II 

11796  -  46904 

4800 

3472.48 

II 

12435  - 

41225 

3000 

3020.54 

II 

12435  -  45532 

4800 

3554.43 

II 

17332  - 

45458 

3000 

3118.43 

I 
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Lutetium  —  all  observed  lines 


Intensity 

and 
Character 

flvclcngth 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

\V  3  vf  Iprurt  h 

in  A 

Spectrum 

Energy  levels 
in  cm'' 

1700 

h 

2195.54 

0 

45532 

3800 

3278.97 

I 

0 

— 
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T  I  ¥ 
III 
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1994 
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7 1 1  AO 

A9nn 
ozuu 

3312.11 
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72017 
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3359.56 
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1994 
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1300 

2392.19 

JJ 

17332 

_ 

59122 

6200 

3376  50 
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29608 

120 

2399.14 

II 

32453 

— 

74122 

950 

3385.50 
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1994 

— 

31523 

80 

2419.21 

{! 

38223 

— 

79547 

160 

h 

3391.55 

j 

c  c 
DO 

2430  26 

( 0000 

1  /inn 

3396  82 

130 

2459.64 

II 

12435 

53079 

4100 

3397.07 

II 

11796 

41225 

80 

2469.27 

II 

28503 

_ 

68989 

4800 

3472.48 

II 

12435 

_ 

41225 

21 

h 

2481.72 

II 

32453 

- 

72736 

8300 

c 

3507.39 

II 

0 

— 

28503 

370 

2536.95 

{{ 

11796 

51202 

1600 

3508.42 

1994 

30489 

w 

2S46  87 

00/1  CQ 

"+01)11 

•l'S54  43 

II 

1  ll'iO 
1  I  ooZ 

/I  r /I  r  Q 

20 

2549.44 

I 

0 

39212 

4800 

3567  84 

0 

28020 

20 

2549.72 

I 

4136 

_ 

43344 

340 

3596  34 

I 

7476 

_ 

35275 

35 

2561.80 

II 

12435 

- 

51458 

800 

3623.99 

II 

17332 

- 

44919 

930 

2571.23 

}} 

14199 

- 

53079 

680 

3636.25 

{ 

0 

— 

27493 

1  /UO 

2578.79 

1  O  /I  0  c 
1/4.53 

ZOUU 

3647.77 

A  1  0/; 

0  1  C/1  0 

80 

h 

2582. 13 

32453 

71169 

60 

3684  39 

1 

570 

c 

9603  33 

Ill 

0 

38400 

60 

3710.95 

J 

1800 

2613.40 

II 

11796 

- 

50049 

110 

3756.70 

I 

4136 

- 

30748 

18000 

2615.42 

jj 
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38223 

110 

3756.79 
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4136 
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30747 

1800 

2619.26 

1 1796 

49963 

OA 

30 
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90 

9657  (15 

150 
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1994 
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29 

3911.77 
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2728.95 

[ 

0 

- 

36633 

50 

3918.86 

{ 

75 

c 

97'?R  17 

27264 

63774 

0  c 

h 

3Q96  69 

3600 

97  c;  A  17 

1 2435 

48733 

480 

3068  46 

J 

0 

25192 

750 

h 

976=^  7d 

1 

4136 

40282 

50 

^00 1  18 

J 

390 

2772.58 

III 

8648 

- 

44705 
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40.54.45 

I 

4136 

- 

28793 
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2796.63 

17332 

- 

53079 

75 

bl 
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LuO 
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9ft91  9^^ 

III 
111 

35 
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4107.44 

270 

Q 

OQQl  -iZ. 
^OOH- .  .1.) 

28503 

63774 

95 

h 

41 12.67 

0 

24308 

330 

h 

90.1c    1  ■} 

1994 

37131 

310 

4199  40 

3000 

2847.51 

II 

11796 

- 

46904 

3100 

4124.73 

I 

7476 

- 

31714 

570 

h 

2885. 14 

,[ 

1,50 

c 

4131.79 

{ 

6300 

2894.84 

14199 

48733 

460 

4154.08 

7476 

3 1 542 

4500 

9<)()(i  in 

12435 

46904 

24 

4158.98 

I 

300 

90(i'i 

0 

34436 

1600 

4184  95 

4"  1 04-.  ^1) 

M 
1 1 

17332 

41225 

9000 

2911.39 

II 

14199 

- 

48537 

1.50 

4277.. 50 

I 

270 

h 

2949.73 

[ 

7476 

- 

41,368 

2.50 

4281.03 

j 

1200 

zVr)  I  .()V 

17332 

51202 

330 

d 

490=^  07 

7476 

,30748 

ZVr).>.  / 0 

.! 

4906  00 

7476 

30747 

Z  V()i> . . IZ 

1 1 796 

45532 

150 

4,309.57 

1994 

25192 

2400 

2969.82 

II 

11796 

- 

45458 

75 

4332.72 

I 

1800 

2989.27 

I 

0 

- 

33443 

29 

4341.98 

II 

36098 

- 

59122 

3000 

! 

12435 

45532 

65 

h 

4490  06 

21462 

44076 

1  ')n 

o/\«>7  on 

c 

4.4.0(1  AQ 

9 1  nn 
Z  1  uu 

■JAC^;  70 
oUr>0.  /  Z 

1  J.  1 OQ 

35 
,0.) 

4.4.0Q  70 

J 

140 

3057.90 

III 

5708 

- 

38400 

190 

44,50.81 

I 

7476 

- 

29938 

7500 

3077.60 

II 

12435 

- 

44919 

50 

h 

4471.55 

{ 

390 

-ilJot).  1  1 

! 

0 

32457 

60 

h 

440R  R'i 
'T^yo.  o,> 

0 

22222 

5100 

h 

*J  AO  1     1 1 

1994 

34436 

3300 

4.C10  C7 

0 

22125 

3000 

■J  1  1  Q  10 

24 

b 

4'i60  Q'^ 

1  iiO 

2400 

3171.36 

I 

0 

31523 

24 

b 

4575.31 

LuO 

100 

3183.73 

II 

17332 

48733 

85 

c 

4605.39 

18851 

40559 

260 

3191.80 

11 

32453 

63774 

95 

h 

4645.47 

1400 

3198.12 

II 

14199 

45458 

100 

h 

4648.21 

4800 

32,54.31 

II 

14199 

44919 

95 

h 

4648.85 

137 


Lutetium  —  all  observed  Zines— Continued 


In  t  pn  ^itv 
\\\  arapfpr 

V_>  lldl  <3l,ld 

Wavelength 
in  A 

Supftni  m 

Energy  levels 
in  cm"' 

1  nt^rtciti/ 
Xll      Jlsll  J 

V^llalaClcr 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

65  b 

4654.03 

LuO 

11 

6140.71 

I 

21462 

37743 

1000 

4658.02 

I 

0  -  21462 

150 

6159.94 

II 

32504 

48733 

85  h 

4659.03 

I 

160 

6199.66 

II 

29407 

— 

45532 

630  bl 

4661.75 

LuO 

310  bl 

4672.31 

LuO 

91  [\(\ 
ZlUU 

OZZl.o  / 

1 943=1 

35 

6228.14 

29407 

45458 

420  bl 

4684.16 

LuO 

80 

6235.36 

II 

32504 

48537 

270  bl 

4695.46 

LuO 

160 

6242.34 

II 

30889 

46904 

190  bl 

4708.00 

LuO 

16  h 

6248.80 

I 

21195 

— 

37194 

30 

4716.70 

I 

0  -  -21195 

i\)  n 

0o40.  JO 

39970 

65  b 

4720.86 

LuO 

18  h 

6354.85 

I 

91d69 

371Qd. 

O  1  17^ 

65  h 

4726.20 

I 

9 

6365.79 

I 

21195 

36900 

100  bl 

4735.00 

LuO 

16 

6366.00 

I 

75  bl 

4749.11 

LuO 

22 

6441.14 

I 

22222 

37743 

40  bl 

4764.22 

LuO 

1  1 

CA  A  A  on 

TI 
11 

29407 

44919 

150 

4785.42 

II 

17332  -  38223 

IT 
ii 

1  1  7Q6 

85 

4815.05 

I 

0  -  20762 

29 

lOOd. 

1  7d.97 

50  c 

4839.62 

II 

11796  -  32453 

55  c 

6523.18 

I 

18 

4865.36 

II 

38575  -  ,59122 

35  cw 

6611.28 

II 

I  I  HI 

3.^4o3 

460 

4904.88 

I 

4136  -  24518 

661 1.58 

II 

180 

4942.34 

I 

1994  -  22222 

6611.80 
6611.95 

II 
II 

800 

4994.13 

II 

12435  -  32453 

6612.04 

II 

800 

5001.14 

I 

4136  -  24126 

11 

6619.15 

II 

36098 

51202 

55  h 

5057.60 

I 

17427  -  37194 

140 

5134.05 

I 

17427  -  36900 

23  c 

6677.14 

! 

99999 

37 1  Qd. 

2700 

51.35.09 

I 

1994  -  21462 

9  h 

30  c 

6735.76 
6793.77 

I 

4136 

18851 

130  bl 

5170.11 

LuO 

11 

6826.59 

II 

36557 

51202 

170 

5196.61 

I 

18.505  -  37743 

45 

6917.31 

I 

90 

.5206.47 

I 

1994  -  21195 

T  T 
11 

40 

.5304.40 

I 

20433  -  39279 

8 

6943.96 

OOODZ 

80 

5349.12 

I 

18,505  -  37194 

23 

7031.24 

! 

14  c 

7096.34 

2S192 

39279 

500 

5402.57 

I 

0  -  18505 

45 

7125.84 

II 

30889 

44919 

140  c 

.5421.90 

I 

1994  -  20433 

9 

7142.79 

I 

100 

54.37.88 

I 

7 

"7  1/10    1 A 

7143. 10 

35 

5453.57 

J 

4136  -  22468 

II 

2100 

.5476.69 

II 

14199  -  ,32453 

8 

7165.94 

14  ch 

7237.98 

I 

21462 

3,5275 

9 

.5664.89 

II 

30889  -  48537 

5 

7409.70 

II 

36557 

50049 

14 

5713.49 

II 

29407  -  46904 

11  c 

7441.52 

I 

24308 

37743 

550 

57.36.55 

I 

0  -  17427 

r  f 
11 

00,jO  ( 

55 

5775.40 

20433  -  37743 

8 

7456.96 

80 

5800.59 

7  ch 

7640.08 

1 

24109 

37194 

7  cw 

77,58.30 

24308 

37194 

40  h 

.5860.79 

I 

22222  -  39279 

7  h 

7815.9 

1 

24109 

36900 

9 

5866.. 30 

1 

7476  -  24518 

9  c 

8178.16 

I 

690  cw 

.598.3.9 

11 

11796  -  28503 

7476 

19403 

140 

5997.13 

22609  -  39279 

1  7 

11 

1400 

6004.52 

7476  -  24125 

35 

8459.19 

29407 

41225 

10  d 

8478., 50 

35  h 

6041.66 

21195  -  37743 

29  c 

8,508.08 

23524 

35275 

440 

6055.03 

1994  -  18505 

35  c 

8610.98 

22222 

33832 
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Magnesium 

Mg,  Z  =  12,  M  =  24.305,  Ratio  ^  -  0.3825 

Lu 

Mgl    Normal  state  of  valence  electrons  2p^3s^  ^So  =  0.  LP.  =  61671  cm-i. 
Mgll  Normal  state  of  valence  electrons  2p'*3s  ^Si/a  =  0.  I. P.  =  121268  cm"'. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Mgl,  F.  Paschen,  Sitzber.  Preuss.  Akad.  Wiss.,  Physik.  math.  Kl.  32,  709  (1931). 

Mgll,  A.  Fowler,  Report  on  Series  in  Line  Spectra,  p.  118  (Fleetway  Press,  London,  1922). 


Magnesium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  -A 

Spectrum 

Energy  levels 
in  cm"' 

380 

2776.69 

I 

21870  - 

57874 

20  h 

2942.11 

21911  - 

55892 

320 

2778.29 

I 

21850  - 

57833 

140  hi 

3096.90 

21911  - 

54192 

900 

2779.83 

I 
I 

21911  - 

57874 

60 

3332.15 

21870  - 

51872 

2781.42 

21870  - 

57833 

90 

3336.68 

21911  - 

51872 

320 

I 

21870  - 

57813 

1400 

3829.35 

21850  - 

47957 

360 

2782.97 

I 

21911  - 

57833 

3000 

3832.31 

21870  - 

47957 

130 

2790.79 

II 

35669  - 

71491 

5000 

3838.26 

21911  - 

47957 

10000 

2795.53 

II 

0  - 

35761 

70 

4703.02 

35051  - 

56308 

160 

2798.06 

II 

35761  - 

71490 

7,50 

5167.34 

21850  - 

41197 

6000 

2802.70 

II 

0  - 

35669 

2200 

5172.70 

21870  - 

41197 

60000 

2852.13 

I 

0  - 

3.5051 

4000 
60  h 

5183.62 
5528.46 

21911  - 
35051  - 

41197 
53135 

16 

2928.75 

II 

35669  - 

69805 

30 

2936.54 

II 

35761  - 

69805 

140 

8806.79 

I 

35051  - 

46403 
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Manganese 

Mn,  Z  =  25,  M  -  54.9380,  Ratio  ^  =  0.865 

Mm   Normal  state  of  valence  electrons  3dHs^  '^821/2  =  0.  LP.  =  59970  cm-\ 
Mnll  Normal  state  of  valence  electrons  3dHs  '^Ss  =  0.  I.P.  =  126145  cm-^. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Mm,   M.  A.  Catalan,  W.  F.  Meggers,  and  O.  Garcia-Riquelme,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  68A 

(Phys.  and  Chem.),  No.  1,  9-59  (Jan.-Feb.  1964). 
Mn  II,  L.  Iglesias  and  R.  Velasco,  Publ.  Inst,  de  Optica  de  Madrid,  No.  23  (1964). 


Strong  lines  of  manganese 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

27000 

4030.76 

0  - 

24802 

3700 

2801.06 

0  - 

35690 

19000 

4033.07 

0  - 

24788 

3200 

3806.72 

17052  - 

43314 

18000 

2003.85 

0  - 

49888 

2200 

3569.49 

18705  - 

46713 

14000 

1998.86 

0  - 

50013 

2100 

3823.51 

17282  - 

43429 

12000 

2576.10 

II 

0  - 

38807 

II 

1900 

2949.20 

9473  - 

43370 

11000 

4034.49 

0  - 

24779 

1900 

4055.54 

17282  - 

41933 

9700 

1995.41 

0  - 

50099 

1700 

2109.58 

0  - 

47388 

6200 

2593.73 

II 

0  - 

38543 

1500 

2092.16 

0  - 

47782 

6200 

2794.82 

0  - 

35770 

II 

5600 

4041.36 

17052  - 

41790 

1500 

2939.30 

9473  - 

43485 

1500 

4018.10 

17052  - 

41933 

5100 

2798.27 

0  - 

35726 

1500 

4035.73 

17282  - 

42054 

4300 

2605.69 

II 

0  - 

38366 

1400 

3577.88 

17052  - 

44994 

140 


Manganese  — all  observed  lines 


Intensity 
Bnd 

Vi  a  ra  rtpr 

Wavelength 
in  A 

Spectrum 

Energy  1 
in  cm 

evels 

- 1 

Intensity 
and 

I  nil rji pt pr 

Wavelength 
in  A 

Snfpf  rii  m 

Energy  levels 
in  cm"' 

T 

H-o  n 

Z  /  OU.  Vo 

17052  - 

53261 

14000 

1998.86 

I 

0  - 

50013 

30 

2771.44 

I 

17052  - 

53124 

18000 

2003.85 

I 

0  - 

49888 

30  h 

2776.23 

I 

17282  - 

53291 

1500 

2092.16 

I 

0  - 

47782 

30 

2780.00 

I 

23297  - 

59257 

1700 

2109.58 

I 

0  - 

47388 

55 

2789.20 

I 

17282  - 

53124 

900 

9908  ftl 

I 

0  - 

Z  I  OU 

17282  - 

53109 

540 

2213.85 

I 

0  - 

45156 

60 

2791.08 

J 

17052  - 

52870 

770 

2221.84 

I 

0  - 

44994 

6200 

2794.82 

I 

0  - 

35770 

75 

2533.06 

I 

25266  - 

64732 

5100 

2798.27 

I 

0  - 

35726 

50 

2543.45 

II 

27589  - 

66894 

220 

2799.84 

I 

17052  - 

52758 

I  o 

II 
11 

ODDoO 

o  /  UU 

ZOU 1  .uo 

0  - 

35690 

95 

2558.59 

II 

27571  - 

66643 

70 

2804.10 

I 

17452  - 

53103 

150 

2563.65 

II 

27547  - 

66542 

60 

2806. 14 

I 

25266  - 

60891 

580 

2572.76 

I 

18532  - 

57389 

55 

2808.02 

I 

17282  - 

52884 

480 

2575.51 

I 

18402  - 

57218 

110 

2809.11 

I 

17282  - 

52870 

11 

0  — 

ou 

9Q1  9  fid. 
Z01Z.04- 

■^3100 

JO  1U7 

550 

2584.31 

I 

18705  - 

57389 

70 

2813.47 

J 

17'^6R  - 

OO  lU  1 

45 

2589.71 

II 

32788  - 

71390 

60 

2815.02 

II 

35004  - 

70518 

250 

2592.94 

I 

18532  - 

57086 

85 

2817.97 

I 

17282  - 

52758 

6200 

2593.73 

11 

0  - 

38543 

40 

2818.77 

I 

17637  - 

53103 

I 
1 

1 0  /  U.I  — 

c  70  1  n 

cr 

oo 

OOOl  /I  c 

zozl.4o 

1  I  H-OZ 

OZOOt" 

95 

2598.90 

II 

29951  - 

68417 

55 

2822.55 

J 

1  /  H-OZ 

JZO  (  u 

II 

32857  - 

71323 

80 

2830.79 

I 

17568  - 

52884 

40 

2602.14 

I 

27 

2836.31 

I 

17637  - 

52884 

45 

2603.72 

II 

29889  - 

68284 

60 

2870.08 

II 

44315  - 

79147 

TT 
1 1 

0  — 

oOoOO 

oU 

0Q7O  Ad 

zo  /y.'+y 

II 
11 

'i'^td.7  — 
oo  1 H-  / 

0  i  oOD 

190 

2610.20 

II 

27547  - 

65847 

40 

2882.90 

174. '^9  - 

^91  9Q 

OZ  1  Z  7 

140 

2622.90 

I 

2.5281  - 

63395 

70 

2886.68 

II 

33278  - 

67910 

150 

2624.04 

I 

25266  - 

63363 

160 

2889.58 

II 

33248  - 

67846 

40 

2624.80 

II 

27571  - 

65658 

55 

2892.39 

II 

33248  - 

67812 

zuu 

n 
1 1 

OoOoo 

OU 

oonn  1 A 
zvuu.  10 

II 
11 

ouZ  /  4- 

i\J  I  4-0 

95 

2626.64 

I 

18402  - 

56462 

40 

2907.22 

ZoZOO 

oVOoo 

30 

2630.26 

I 

25281  - 

63289 

140  h 

2914.60 

I 

18402  - 

52702 

60 

2630.57 

I 

25285  - 

63289 

190  h 

2925.57 

I 

18.532  - 

52703 

190 

2632.. 35 

II 

27,588  - 

65,566 

27 

2928.68 

I 

2.5281  - 

59416 

')AOO   I  7 
Z().)0.  1  / 

1 1 

07  C  QQ 

1  1  C\(\ 

II 
11 

0/177 
74- /o  — 

/I  o  r  c  7 
'tooo  / 

80 

26.39.84 

II 

32788  - 

70657 

27 

2934.02 

ZoZoo 

oVoO  1 

27 

26.50.99 

II 

32788  - 

70497 

1500 

2939.30 

II 

9473  - 

43485 

60 

2655.91 

11 

32857  - 

70497 

2,50  h 

2940.39 

I 

18705  - 

52705 

■1.5 

2667.00 

1 

18705  - 

56190 

2940.48 

1 

18705  - 

52703 

1 1  i\ 

I  lU 

Zn  //..iV 

1 1 

0  / ZV.T 

OU 

zy4 1 .  U4 

ZD ZOO  — 

cnot^7 

55 

2673.37 

II 

32836  - 

70231 

1900 

2949.20 

II 

Q/1  7'^ 

^4  /  o  — 

A  T3  7n 

4oo  /U 

55 

2674.13 

II 

33147  - 

70527 

40 

,3007.66 

2S281  - 

.58520 

30 

2676.33 

I 

23549  - 

60903 

40 

.3011.16 

I 

25286  - 

58486 

45 

2680.34 

II 

33248  - 

70546 

40 

3011.38 

I 

25288  - 

58486 

1  A 
10 

26n  1 . // 

A  n 
4U 

'I  c  '1/;  A 
z.ozOO  - 

C  O  /I  '1 7 

45 

2683.02 

I 

60 

,3016.45 

{ 

»T  C  'T  O  Z 

58427 

23 

2683.75 

I 

70 

,3022.75 

1 

25266  - 

58339 

55 

2684.55 

II 

33278  ~ 

70518 

55 

,3031.06 

II 

34762  - 

67744 

55 

2685.94 

II 

30523  - 

67744 

95 

3040.60 

I 

2.5281  - 

58160 

1  1  A 

2()00.2.T 

u 

C  O  0  O  0 

one  "T'") 

07 
Z  / 

oU4z.  (,} 

OCOQ  1 

z.ozol  — 

CO  1  9  7 

85 

2692.66 

I 

25266  - 

62393 

85 

3043.36 

} 

zozHo  — 

CO  1  0  7 

Ool3/ 

27 

2693.19 

II 

29889  - 

67009 

330 

3044.57 

I 

17052  - 

49888 

55 

2695.36 

II 

29919  - 

67009 

120 

3045., 59 

I 

25286  - 

58110 

27 

2698.97 

II 

29889  - 

66929 

200 

3047.04 

I 

25266  - 

58075 

Q  C 
O.l 

z  /  U 1  .U() 

1 1 
1 1 

/VooV  - 

oovu  1 

/in 

OA/IQ  Of. 

oU4o.  00 

z5zoo  - 

C  OAT  C 

58075 

160 

2701.70 

II 

27547  - 

645,50 

2,50 

3054.36 

J 

1  7000 

1  /  ZoZ  — 

130 

2705.74 

II 

27,571  - 

64519 

140 

3062.12 

I 

MA^O  - 

1  (  H-OZ 

CAAQQ 

80 

2707.53 

II 

27571  - 

64494 

170 

3066.02 

1 

17282  - 

49888 

110 

2708.45 

II 

27.583  - 

64494 

170 

.3070.27 

I 

17452  - 

50012 

A  C 

2 1 09.96 

1 1 

1 1 

07  CO  0 

A  1  1  7*3 

I  f^C\ 

lou 

0A70    1  0 

oU lo.  \6 

{ 

17569  - 

50099 

ftO 

o\j 

11 

1 1 

z  1  ooo 

64473 

90 

17637  - 

50099 

110 

2711.58 

II 

27588  - 

64456 

50 

3081.33 

17569  - 

50012 

55 

2728.61 

II 

41182  - 

77820 

23 

3082.05 

17452  - 

49888 

30 

2738.86 

I 

30354  - 

66855 

40 

3097.06 

27248  - 

59527 
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Manganese  — all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength 
inA 

Spectrum 

Energy  levels 
in  cm ~' 

Intensity 

and 
Character 

Wavelength  ^ 

ju  ^  spectrum 

Energy  levels 
in  cm"' 

40 

3110.68 

27201 

-  59339 

700 

3809.59  I 

17282 

— 

43524 

60 

h 

^  1  Afi  1  Q 

18403 

-  50158 

rr 
00 

QO 1  A  ACi  I 

ooiu.oy  1 

25281 

51516 

u 
11 

3161.04 

I 

1  oooz 

ou  lOo 

90 

3816.75  I 

1  7/1  C9 
1  /40Z 

4o044 

140 

h 

3178.50 

I 

18705 

-  50158 

2100 

3823.51  I 

17282 

43429 

220 

3212.88 

I 

17052 

-  48168 

390 

3823.89  I 

17452 

_ 

43596 

65 

3216.95 

0 

-  31076 

200 

3829.68  I 

17568 

— 

43673 

1000 

17052 

-  48021 

A  OA 

4o0 

3ooo.o6  1 

17568 

— 

43644 

'ir\f\ 
ouu 

3230.72 

J 

1  79Q9 

A  Q90A 
4oZZ0 

1300 

3834.36  I 

1  7/1  CO 

1  /4oz 

/I  Q  CO/1 

850 

3236.78 

J 

17282 

-  48168 

350 

3839.78  I 

17637 

43673 

330 

3243.78 

I 

17452 

-  48271 

670 

3841.08  I 

17568 

_ 

43596 

650 

3248.52 

{ 

17452 

-  48226 

350 

3843.98  I 

17637 

- 

43644 

100 

OZO  1.14 

17569 

-  48318 

00 

oni  O  "3 o  T 
oVlo.oz  1 

34139 

59653 

3252.95 

J 

i  /  OOV 

/iQ'3r\i 
—  4ooUl 

120 

3926.47  I 

olUUl 

o646z 

65 

3254.04 

J 

17052 

-  47774 

65 

3952.84  I 

33825 

59117 

310 

3256.14 

I 

17569 

-  48271 

55 

3975.89  I 

34845 

_ 

59990 

220 

3258.41 

j 

17637 

-  48318 

65 

3977.08  I 

34463 

- 

59600 

180 

ozOU.zo 

17637 

-  48301 

1  QA 

loU 

OAOO  CO  T 
OVOZ.OO  1 

25281 

- 

50383 

180 

3264.71 

J 

17282 

-  47904 

150 

3985.24  I 

25288 

- 

50373 

65 

3296.88 

J 

17452 

-  47774 

190 

3986.83  I 

25266 

_ 

50341 

65 

3298.22 

J 

27201 

-  57512 

150 

3987.10  I 

25286 

50359 

65 

3320.69 

I 

17282 

-  47388 

1500 

4018.10  I 

17052 

- 

41933 

70 

3330.67 

I 

17452 

-  47467 

150 

4026.44  I 

25266 

- 

50095 

3441.99 

]i 

143zO 

/I  0  Q  "7  A 

27000 

4030.76  I 

0 

OA  OAO 

z4o0z 

360 

3460.33 

[[ 

14594 

-  43485 

19000 

4033.07  I 

0 

24788 

360 

h 

3474.04 

II 

14.594 

-  43370 

11000 

4034.49  I 

0 

24779 

3474.13 

II 

14781 

-  43557 

1500 

4035.73  I 

17282 

- 

42054 

290 

Q /I  oo  n  1 
o4oz.y  1 

{} 

14781 

-  43485 

C  r 
OO 

4Uoo. /J  1 

30354 

— 

55108 

1  OA 

3488.68 

1  A  HA  1 

14901 

A  OCC? 

-  43557 

5600 

4041.36  I 

1  7AC  O 

ITOoz 

A  1  7AA 

41790 

140 

3495.84 

11 

14960 

-  43557 

210  d 

4045.13  I 

34939 

59653 

50 

3496.81 

jj 

14781 

-  43370 

4045.21  I 

34139 

58853 

100 

3497.. 54 

II 

14901 

-  43485 

1100 

4048.76  I 

17452 

- 

42144 

360 

'J  C  0  1   o  c 

{ 

18402 

-  46708 

OA 

/I  A/1  A  A  A  I 

4U4y.UU  1 

3,5041 

- 

59732 

3532.00 

1  0.1  AO 

18402 

-  46707 

55 

4051.73  I 

1100 

3532. 12 

1 

18402 

-  46706 

65 

4052.47  I 

35115 

59784 

1300 

3547.80 

1 

18532 

-  46710 

150 

4055.21  I 

35165 

59818 

1100 

3548.03 

18.532 

-  46708 

1900 

40,55.54  I 

17282 

- 

41933 

390 

■)  c  1  o  on 

18.532 

-  46707 

O  1  A 
Z  lU 

y1  AC  7  nc  I 
4U,0  / .  y  ,0  1 

24779 

- 

49415 

2200 

3569.49 

{ 

18705 

-  46713 

1100 

4058.93  I 

17569 

42199 

720 

3569.80 

I 

18705 

-  46710 

150 

40.59.39  I 

24788 

49415 

3570.04 

1 

18705 

-  46708 

730 

4061.74  I 

24802 

49415 

1400 

3577.88 

I 

170.52 

-  44994 

730 

4063., 53  I 

17452 

- 

42054 

720 

3586.54 

17282 

-  451.56 

80 

4065.08  1 

34251 

- 

58843 

290 

3595. 12 

{ 

17452 

-  45259 

80 

4068.00  I 

17569 

42144 

420 

3607.54 

1 

17282 

-  44994 

290 

4070.28  I 

17637 

42199 

420 

3608.49 

I 

17452 

-  45 1 56 

730 

4079.24  I 

17282 

41790 

360 

36 10.. 30 

I 

17,569 

-  452,59 

730 

4079.42  I 

17637 

- 

42144 

290 

3619.28 

17637 

-  452,59 

1 100 

4082.94  1 

17569 

- 

42054 

220 

3623.79 

{ 

17.569 

-  451,56 

1 100 

4083.63  I 

17452 

41933 

3629.74 

J 

1  i  'r.)Z 

-  44994 

65 

4089.94  I 

34423 

58867 

100 

3660.40 

I 

37420 

-  64732 

55 

4105.36  I 

34939 

59290 

70 

3670.52 

I 

17052 

-  44289 

200 

4110.90  I 

34939 

- 

59257 

70 

3676.96 

37631 

-  64820 

150 

4131.12  I 

34139 

- 

58339 

50 

3682.09 

} 

37737 

-  64888 

120 

4135.04  I 

34251 

58427 

ZoU 

3693.67 

U  1  Zl/O 

80 

4141.06  I 

oo^ou 

1  fln 

1  ou 

3696.57 

I 

ZOZ7  ( 

55 

4147. .53  I 

27202 

51306 

70 

3701.73 

I 

17282 

-  44289 

80 

4148.80  I 

34423 

- 

58520 

210 

3706.08 

{ 

34251 

-  61226 

150 

4176.60  I 

34139 

- 

58075 

130 

37 18.93 

34344 

-  61226 

120 

4189.99  I 

34251 

58110 

55 

3728.89 

1 

23.549 

-  50359 

65 

4201.76  I 

34344 

58136 

130 

3731.93 

, 

41404 

-  68192 

65 

4211.75  I 

34423 

58160 

260 

3790.22 

I 

170.52 

-  43429 

370 

4235.14  I 

23549 

47155 

55 

3799.26 

17282 

-  43596 

510 

4235.29  I 

23297 

46901 

110 

3800.55 

31001 

-  57306 

190 

4239.72  I 

23720 

47299 

55 

3801.91 

25266 

-  51561 

290 

4257.66  I 

23819 

47299 

3200 

3806.72 

17052 

-  43314 

290 

4265.92  I 

23720 

47155 

142 


Manganese  —  all  observed  lines  —  Continued 


Intensity 

and 
Character 


Wavelength 
in  A 


Spectrum 


Energy  levels 
•  -1 


Intensity 

and 
Character 


Wavelength  c 

jj,  ^  Spectrum 


Energy  levels 


270 

4281.10  ] 

23549 

46901 

65 

4284.08  ] 

23819 

47155 

4312  SS  1 

23720 

46901 

45 

4374.95  I 

27248 

— 

50099 

45 

4381.70  I 

38670 

- 

61485 

55 

4411.88  ] 

38009 

60668 

350 

4414.88  1 

23297 

45941 

55 

4419.78  ] 

38120 

60739 

210 

4436.35  ] 

23549 

— 

46084 

800 

4451.59  I 

23297 

— 

45754 

160 

4453.00  ] 

23720 

46170 

130 

4455.01  1 

24779 

47220 

44'^'i  ^9  I 

T'T'iJtJ  .  OZ.  J 

24779 

479 IR 

110 

4455.82  I 

24779 

— 

47216 

55 

4457.04  I 

24788 

- 

47218 

210 

4457.55  1 

24788 

— 

47216 

270 

4458.26  I 

24788 

47212 

55 

4460  38  I 

24802 

47216 

150 

4461.08  I 

24802 

_ 

47212 

510 

4462.02  I 

24802 

— 

47207 

290 

4464.68  1 

23549 

— 

45941 

200 

4470.14  1 

23720 

46084 

1  w 

1  ou 

4,4,79  7Q  ] 

£.00  ly 

d.fil  70 

tU  I  l\J 

40 

4479.40  I 

41230 

_ 

63548 

170 

4490.08  I 

23819 

_ 

46084 

240 

4498.90  1 

23720 

45941 

240 

4502.22  I 

23549 

45754 

fin 

ou 

rUUO.OU  1 

.JO  iLyj 

.>70ZO 

80 

4626.54  I 

38009 

_ 

59617 

35 

4671.69  I 

23297 

— 

44696 

50 

4701.16  1 

23549 

— 

44815 

160 

4709.72  I 

23297 

44524 

1  fin 

low 

4,797  AO  1 

t4DVO 

130 

4739.11  I 

23720 

_ 

44815 

1000 

4754.04  I 

18403 

39431 

180 

4761.. 53  I 

23819 

— 

44815 

750 

4762. .38  I 

23297 

44289 

'f/0.).00 

4J.AQA 

500 

4766.43  I 

23549 

44524 

940 

4783.42  I 

18532 

39431 

1000 

4823.52  1 

18705 

- 

3943 1 

25 

4844.32  I 

31001 

- 

51638 

35 

4965.88  1 

23297 

43429 

19 

5004.91  1 

23549 

43524 

30 

5074.79  1 

27202 

46901 

60 

5117.94  I 

25281 

44815 

50 

5150.89  ] 

25288 

44696 

50 

5196.59  ] 

25286 

44524 

85 

5255.32  ] 

25266 

44289 

160 

5341.06  ] 

17052 

35770 

19 

5349.88  1 

43314 

- 

62001 

95 

5377.63  1 

31001 

- 

49591 

95 

5394.67 

0 

18532 

50 

5399.49 

31076 

49591 

95 

5407.42 

17282 

35770 

35 

5413.69  ] 

31125 

- 

49591 

85 

5420.36 

17282 

- 

35726 

35 

5432.55 

0 

18402 

12 

5457.47 

17452 

35770 

60 

5470.64 

17452 

35726 

40 

5481.40  I 

17452 

- 

35690 

30 

5505.87  1 

17568 

- 

35726 

50 

5516.77  1 

17568 

35690 

40 

5537  76 

17637 

35690 

91 

I 

CQCl  QO 

4,4900 

fi99Q'^ 

UZZ70 

8 

5567.76  I 

44523 

- 

62479 

7 

5573.01  I 

35165 

- 

53103 

8 

5573.68  I 

35165 

53101 

7 

t;7'5Q  9Q  1 

0  i  00.  Z7  J 

04"  IO7 

O  1  OU  1 

7 

c;7Qn  10  1 
0 1  ou.  1 7  J 

^4,9"^! 
oH-ZO  1 

0  1  Ot-O 

7 

5816.84  I 

34344 

- 

51531 

140 

6013.50  I 

24779 

- 

41404 

200 

6016.64  I 

24788 

41404 

900 

uuz  1 . ou  1 

94,009 

ZfOUZ 

7 

ijU4-Zv 

4A0fi4 

17 

6440.97  I 

30420 

- 

45941 

24 

6491.71  I 

30354 

- 

45754 

14 

h 

6942.52  I 

41789 

56190 

1 9 

iZ 

AQHQ  OA  1 
UVoV.VD  J 

490^14 

It" 

7nfiQ  fid  1 
iUU^.O^-  J 

■^74.90 

0  /  'tZU 

^1  "^A 1 
0 1  ou  i 

12 

7184.25  I 

37631 

- 

51546 

10 

7247.82  1 

37737 

- 

51531 

24 

h 

7283.82  1 

3.5690 

49415 

1^ 
.>.) 

u 
n 

Q  c  79/: 

4'V'+  lO 

iOZO.ol  J 

00/  /  u 

1 0 

12 

7680.20  I 

44289 

- 

57306 

10 

7712.42  I 

44524 

57486 

10 

h 

7764.72  I 

43314 

56190 

10 

h 

8670.92  I 

35690 

47220 

12 

h 

8672.06  I 

35690 

47218 

10 

h 

8673.97  I 

35690 

47216 

12 

h 

8701.05  I 

35726 

47216 

17 

h 

8703.76  I 

35726 

47212 

30 

h 

8740.93  I 

35770 

47207 
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559-795  0-75  - 11  (pt.  1) 


Mercury 


Hg,  Z  =  80,  M  =  200.6,  Ratio  7;^  =  3. 157 

Lu 

Hgl   Normal  state  of  valence  electrons  5d^%s'^  'So  =  0.  I.P.  =  84184  cm-i. 
Hgll  Normal  state  of  valence  electrons  5d^%s  ^81/2  =  0.  I.P.  =  151280  cm-i. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Hgl,  K.  Burns,  K.  B.  Adams,  and  J.  Longwell,J.  Opt.  Soc.  Am.  40,339(1950). 


Mercury—  all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

jf,  ^  spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  o 

^  spectrum 

Energy  levels 
in  cm"' 

15000 

2536.52  I 

0  -  39412 

300 

3654.83  I 

44043  -  71396 

60 

2752.78  I 

37645  -  73961 

80 

3662.88  I 

44043  -  71336 

100 

2893.60  I 

39412  -  73961 

240 

3663.28  I 

44043  -  71333 

1200 

2967.28  I 

37645  -  71336 

1800 

4046.56  I 

37645  -  62350 

200 

3021.50  I 

44043  -  77129 

120 

4077.81  I 

39412  -  63928  ' 

400 

3125.66  I 

39412  -  71396 

320 

3131.55  I 

39412  -  71336 

4000 

4358.35  I 

39412  -  62350 

320 

3131.83  I 

39412  -  71333 

3200 

5460.74  I 

44043  -  62350 

60 

3341.48  I 

44043  -  73961 

240  hs 

5769.. 59  I 

54069  -  71396 

2800 

3650.15  I 

44043  -  71431 

280  h 

5790.65  I 

54069  -  71333 

144 


Molybdenum 

Mo,  Z  =  42,  M  =  95.9,  Ratio  ^  =  1.510 

Lu 

Mo  I   Normal  state  of  valence  electrons  4d^5s  '^Ss  =  0.  I. P.  =  57260  cm"'. 
Mo  II  Normal  state  of  valence  electrons  4c?^  ^821/2  =  0.  LP.  =  130300  cm-^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Supplemented  by  Kiess,  cited  below. 

Classification: 

Mo  I,   C.  C.  Kiess,  unpublished  material  (1966). 

Mo  II,  C.  C.  Kiess,  J.  Research  NBS  60, 375  (1958).  RP  2856. 


Strong  lines  of  molybdenum 


Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Character 

Character 

40000 

2020.30 

II 

0 

49481 

2500 

5570.45 

I 

10768 

28715 

29000 

3798.25 

0 

26321 

2400 

2089.52 

II 

15199 

63041 

29000 

3864.11 

0 

25872 

2300 

4069.88 

I 

16784 

41348 

21000 

2038.44 

II 

0 

49041 

19000 

2015.11 

II 

0 

49609 

2200 
1900 

2092.50 
3384.62 

II 
I 

15331 
11859 

63105 
41396 

19000 

3902.96 

II 

0 

25614 

1900 

4381.64 

I 

16784 

39600 

17000 

2045.98 

0 

48861 

1700 

2775.40 

II 

13461 

49481 

14000 

3132.59 

0 

31913 

1700 

2816.15 

II 

13461 

48960 

8700 

3170.35 

0 

31533 

7800 

5506.49 

10768 

28924 

1700 

2848.23 

II 

12900 

47999 

7600 
6000 
5200 

3193.97 
3158.16 
5533.05 

0 
0 

10768 

31300 
31655 
28837 

1700 
1700 
1600 

2871.51 
3833.75 
3358.12 

II 
I 
I 

12417 
12346 
11454 

47232 
38423 
41224 

4800 

2081.68 

II 

0 

48022 

1500 

2104.29 

II 

15447 

62954 

4000 

2093.11 

II 

15447 

63207 

1500 

4232.59 

I 

16748 

40367 

3200 

3447.12 

12346 

41348 

1400 

2108.02 

II 

23248 

70670 

3000 

3208.83 

0 

31155 

1400 

3112.12 

I 

0 

32123 

2900 

4143.55 

1400 

3581.89 

I 

16785 

44695 

2700 

2100.84 

II 

15428 

63012 

1400 

3624.46 

I 

16748 

44330 

2500 

4188.32 

1400 

3694.94 

I 

16641 

43698 

2500 

4411.57 

16784 

39445 

1400 

4062.08 

I 

16785 

41396 

4411.70 

16785 

39445 

1400 

4288.64 

I 

11859 

35169 
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Molybdenum  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  1 
in  cm 

1 

evels 
- 1 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

19000 

2015.11 

II 

0 

- 

49609 

95  h 

2524.81 

I 

11454 

- 

51049 

40000 

2020.30 

II 

0 

- 

49481 

70 

2527.14 

II 

24836 

- 

64395 

zlOUO 

OAOO   A  A 

zUcSo.44' 

TT 
11 

0 

49041 

50 

2530.34 

TT 
11 

24659 

64168 

1  /  UUU 

Ofl/1  c:  OQ 

TT 
11 

n 

4ooOl 

"TA 

70 

oc 00  0 1 

2532.31 

TT 
11 

/;oo/i  0 
OZo^'Z 

4oU0 

zUol  .Oo 

TT 
11 

/t  OAOO 

48022 

70 

2536.85 

T 
1 

01/  Do 

2400 

2089.52 

II 

15199 

- 

63041 

440 

2538.46 

II 

13461 

- 

52843 

2200 

2092.50 

II 

15.331 

- 

63105 

50 

2539.44 

II 

24509 

- 

63877 

4000 

2093. 1 1 

TT 
11 

15447 

63207 

110  h 

2540.45 

I 

11859 

51210 

2700 

O  1  f\f\    O  A 

2100.84 

TT 
11 

63012 

330 

2542.67 

II 

1 9Qnn 

1500 

o  1  A/1  On 
Zl04.zy 

IT 
11 

C  OAC  A 

62954 

65 

2543.35 

T 
1 

1 1007 

01  J.OD 

1400 

2108.02 

II 

23248 

- 

70670 

40 

2543.61 

II 

22444 

- 

61746 

400 

2269.69 

II 

15447 

- 

59492 

330 

2548.22 

I 

10768 

- 

49999 

160 

2304.25 

TT 
11 

27627 

7101 1 

1 10  h 

2550.85 

I 

11859 

51049 

160 

2306.97 

T  T 
11 

1  ■^d97 
1  O^Z  / 

5876 1 

65 

2555.42 

II 

130 

O  0  O  C  A/I 

2325.94 

T 
1 

55328 

40 

2556.75 

TT 
11 

240 

2330.46 

I 

80 

2558.88 

II 

24836 

_ 

63904 

110 

2332.12 

II 

15330 

- 

58197 

2558.94 

I 

11858 

- 

50926 

190 

2340.47 

f 
1 

65 

0 c £  0  no 

2562.08 

TT 
11 

27725 

66744 

190 

2341.59 

11 

Id  lyy 

57892 

85 

2564.34 

II 

0  C  Q  /I  0 

A/1  Q  0/; 

80 

2352.61 

I 

1  9"? /I  A 

54839 

40 

2566.26 

II 

1  0/1  1  7 

80 

2355.22 

I 

11143 

_ 

53589 

250 

2567.05 

I 

10768 

_ 

49712 

80 

23.55.42 

II 

15699 

- 

58141 

20 

2571.45 

II 

26406 

- 

65282 

70 

2364.37 

I 

11454 

- 

53736 

320 

2572.34 

I 

12346 

— 

51210 

50 

o  o  z:  f\f\ 

2366.09 

T  I 
11 

looVU 

58141 

50 

2574.42 

TT 
11 

1  oonn 

C  1  7'39 

140 

2372.27 

1 

53595 

40 

2575.77 

T 
1 

1  loOO 

100 

2380.41 

1 

118.59 

_ 

53855 

40 

2576.56 

II 

24138 

_ 

62937 

150 

2383.52 

I 

11859 

- 

53800 

40 

2578.36 

II 

26488 

- 

65261 

110 

2389.20 

II 

23853 

- 

65695 

95 

2578.77 

I 

11858 

— 

50625 

140 

2403.61 

II 

Z60A6 

65425 

250 

2582. 16 

I 

1  n7AQ 
lU  (OO 

80 

2404.66 

TT 

II 

O/l  CAA 

66082 

30 

2585.95 

T  T 
11 

OQQOO 

z,6o66 

AO/lOO 

6z4yz 

140 

2405.86 

I 

65 

2588.78 

II 

23934 

_ 

62551 

40 

2408.39 

I 

12346 

- 

53855 

40 

2591.77 

II 

23853 

- 

62425 

40 

2412.84 

II 

22444 

- 

63877 

70 

2591.98 

I 

11143 

— 

49712 

120 

2413.01 

II 

1  c  0  An 

57320 

250 

2593.70 

II 

1  OAQ  /I 

lzUo4 

70 

2415.33 

I 

12346 

53736 

100 

2595.40 

I 

10966 

49484 

80 

2417.96 

II 

16796 

_ 

58141 

40 

2596.77 

I 

21343 

_ 

59841 

65 

2419.01 

II 

23934 

- 

65261 

30 

2597.22 

I 

10768 

- 

49259 

80 

2420. 18 

II 

24138 

- 

65444 

40 

2597.38 

II 

23853 

— 

62342 

70 

2424.00 

II 

0  Q  00  0 

65075 

50 

2.599.64 

I 

CAQAO 

65 

2430.43 

I 

12346 

53479 

80 

2601.69 

I 

65 

2435.96 

II 

22864 

63904 

250 

2602.80 

II 

1 1783 

_ 

50192 

65 

2440.28 

II 

17174 

- 

.58141 

28 

2603.32 

I 

10768 

- 

49169 

40 

246  [•.81 

11 

24836 

- 

65444 

40 

2605.08 

I  T 
11 

26739 

- 

65115 

50 

2466.68 

11 

22864 

63392 

40 

2605.93 

II 

^  Ty  A  A 

17344 

00  iUo 

50 

2466.97 

11 

16796 

57320 

2,50 

2607.37 

I 

1 1 143 

AC\AO  A 

49484 

50 

2468.78 

11 

23833 

64326 

30 

2608.86 

I 

20930 

_ 

59250 

30 

2470.04 

11 

23853 

- 

64326 

190 

2611.20 

I 

20951 

- 

59236 

150  h 

2471.97 

I 

10768 

- 

51210 

290 

2613.08 

I 

1 1454 

- 

49712 

70 

2477.57 

11 

26041 

66391 

1,30 

2615.39 

I 

10966 
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3200.89 

I 

18480 

49712 

150 

3046.80 

I 

16784 

-  49596 

40 

3201.50 

II 

16796 

48022 

210 

3047.31 

I 

16785 

-  49591 

330 

3205.22 

I 

10966 

- 

42156 

210 

3055.32 

I 

16748 

-  49468 

120 

3205.54 

I 

11858 

- 

43046 

100 

3060.78 

II 

16947 

-  49609 

880 

3205.88 

I 

12346 

43530 

160 

3061.59 

I 

16693 

-  49346 

3000 

3208.83 

I 

0 

31155 

800 

3064.28 

I 

16784 

-  49408 

240 

3210.97 

I 

16693 

47827 

250 

3065.04 

II 

38054 

-  70670 

120 

3212.59 

I 

100 

3068.00 

I 

16785 

-  49370 

65 

3213.32 

I 

11858 

- 

42970 

250 

3070.90 

I 

16748 

-  49302 

120 

3214.44 

I 

16748 

47848 

85 

3071.44 

I 

16641 

-  49190 

560 

3215.07 

I 

1 1 143 

42237 

800 

3074.37 

I 

16784 

-  49302 

65 

3220.86 

I 

10768 

41807 

85 

3077.66 

II 

35406 

-  67889 

3,50 

.3221.74 

I 

18229 

- 

49259 

150 

3079.88 

I 

23515 

-  5,5975 

65 

3223.49 

I 

11143 

- 

421,56 

210 

3080.41 

I 

16693 

-  49147 

880 

3228.22 

I 

1 1454 

42422 

40 

3081.16 

I 

18480 

-  50926 

600 

3229.79 

I 

12,346 

43299 

800 

3085.62 

I 

16748 

-  49147 

1100 

3233.14 

I 

16784 

47705 

270 

3087.62 

II 

27114 

-  59492 

190 

.32,35.38 

I 

12346 

43246 

100 

3089. 12 

' 

16784 

-  49147 

9,50 

3237.08 

I 

20281 

- 

51165 

100 

3089.71 

I 

16641 

-  48997 

1 10 

3237.98 

I 

16784 

47659 

190 

3092.07 

II 

15691 

-  48022 

190 

,3240.49 

I 

12346 

— 

43197 

560 

3094.66 

I 

16693 

-  48997 

65 

3240.71 

II 

17174 

48022 

110 

3099.93 

I 

16748 

-  48999 

50 

,3244.47 

I 

18356 

49169 

110 

3100.88 

I 

23668 

-  55908 

65 

3245.92 

I 

27727 

- 

58526 

560 

3101.34 

1 

16641 

-  48876 

65 

3249.92 

I 

16641 

— 

47402 

55 

3106,34 

1 

16693 

-  48876 

950 

32,56.21 

I 

11454 

— 

42156 

1400 

3112.12 

I 

Q 

110 

,32,59, 16 

I 

94.4.66 

o,j  1 

55 

3117.54 

I 

24823 

-  ,56891 

65 

3260.48 

I 

16748 

_ 

47409 

290 

3122.00 

11 

26740 

-  .58761 

300 

3262.63 

I 

16641 

- 

47282 

14000 

3132..S9 

I 

0 

-  31913 

110 

3263.83 

I 

10768 

- 

41398 

40 

3135.60 

I 

480 

3264.40 

I 

16785 

— 

47409 

55 

3135.89 

I 

24096 

-  55976 

130 

3265.14 

I 

95 

31,36.46 

I 

16748 

-  48622 

800 

3270.90 

I 

11859 

42422 

50 

3136.75 

I 

23516 

-  55387 

65 

3279.44 

I 

16692 

47177 

110 

3138.72 

11 

26041 

-  57892 

240 

3285.02 

I 

10966 

41398 

55 

3144.34 

I 

320 

3285., 36 

I 

16748 

47177 

220 

3147  35 

1 

16784 

-  48547 

65 

3287.38 

J 

16641 

47052 

220 

31,52.82 

II 

26488 

-  .58197 

1100 

3289.02 

11454 

41850 

55 

3155.64 

II 

29022 

-  60702 

190 

3289.84 

16784 

47172 

55 

31,56.51 

11858 

-  43530 

950 

,3290.82 

11858 

42237 

6000 

3158.16 

0 

-  316,55 

190 

3292.31 

II 

25342 

55706 
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Molybdenum  —  all  observed  /ines— Continued 


Intensity 

3nd 
C  hsracter 

Wavelength 
in  A 

r. 

opectru  m 

Energy  levels 
in  cm ~' 

Intensity 
a.n(l 

Vj  lldlaClcr 

Wavelength 
in  A 

opectrum 

Energy  levels 
in  cm"' 

130 

3294.85 

11143  -  41484 

95 

3434.04 

100 

3296.40 

I 

11858  -  42186 

380 

3434.79 

I 

11859 

_ 

40964 

100 

3303.34 

I 

16693  -  46956 

320 

3435.45 

I 

25639 

- 

54739 

180 

3304.22 

I 

11143  -  41398 

640 

3437.22 

I 

16785 

- 

45870 

320 

3305.56 

I 

10768  -  41012 

250 

3438.87 

I 

10966 

- 

40037 

130 

3305.90 

21619  -  51859 

250 

3441.44 

J 

12346 

41396 

320 

3307.12 

I 

11859  -  42088 

65 

3442.66 

I 

20130 

_ 

49169 

160 

3310.77 

I 

10768  -  40964 

250 

3443.26 

I 

11454 

- 

40488 

95 

3312.33 

I 

16693  -  46874 

95 

3445.04 

I 

20350 

- 

49370 

100 

3313.62 

II 

28884  -  59053 

190 

3445.26 

I 

16693 

- 

45710 

130 

3319.59 

16693  -  46808 

130 

3446.08 

II 

OZCtO 

130 

3319.79 

I 

16641  -  46755 

3200 

3447.12 

12346 

_ 

41348 

190 

3320.90 

II 

25112  -  55216 

640 

3449.07 

I 

11859 

- 

40844 

640 

3323.95 

I 

12346  -  42422 

95 

3449.85 

I 

20281 

- 

49259 

360 

3325.67 

I 

10768  -  40829 

300 

3451.75 

I 

360 

3327.30 

10966  -  41012 

250 

3452.60 

1  Q99Q 

65 

3329.04 

I 

11454  -  41485 

100 

3454.22 

I 

16693 

45635 

65 

3331.40 

I 

16748  -  467.56 

190 

3456. 15 

I 

18356 

- 

47282 

130 

3336.51 

I 

18229  -  48192 

9,50 

3456.39 

I 

0 

- 

28924 

240 

3340.17 

I 

10768  -  40698 

65 

3458.15 

I 

20281 

- 

49190 

95 

3343.72 

160 

3459.92 

111/10 

W\j6  I 

1300 

3344.75 

1 

11143  -  41032 

L30 

3460^23 

I 

18356 

47248 

95 

3346.40 

II 

25342  -  55216 

640 

3460.78 

I 

16748 

- 

45635 

320 

3347.02 

I 

11143  -  41012 

320 

3466.83 

I 

0 

- 

28836 

65 

3349.19 

I 

18356  -  48206 

65 

3466.97 

I 

18229 

- 

47064 

130 

3350.30 

. 

12346  -  42186 

250 

3467  85 

1  0  9  c/; 
loooo 

130 

3354.99 

I 

10768  -  40,566 

320 

3469.22 

I 

16641 

45458 

1600 

3358.12 

I 

11454  -  41224 

65 

3469.63 

I 

24823 

- 

53637 

250 

3361.37 

I 

12346  -  42088 

190 

3470.92 

I 

18480 

- 

47282 

130 

.3.362.37 

I 

10966  -  40698 

65 

3473.22 

I 

16641 

- 

45425 

950 

3363.78 

. 

10768  -  40488 

190 

3475.03 

1  0/1  on 
lo4oU 

/I  70/1  0 

65 

3369^25 

I 

18356  -  48028 

180 

3479' 43 

I 

16693 

45425 

65 

3375,22 

I 

18229  -  47848 

100 

3480.09 

I 

18229 

- 

46956 

65 

3375.65 

I 

21619  -  51234 

100 

3481.79 

I 

20158 

- 

48870 

130 

3378.21) 

[ 

11143  -  40736 

190 

3482.40 

I 

118,59 

- 

40566 

130 

3378.46 

25549  -  55140 

95 

3483.67 

1  ooon 

,1  AflO^ 

4oyzo 

950 

3379.97 

I 

114.54  -  41032 

190 

.3483.84 

I 

18356 

47052 

65 

3382.29 

I 

11454  -  41012 

240 

,3485.93 

I 

11143 

- 

.39821 

320 

3382.48 

[ 

11143  -  40699 

130  d 

3491.77 

I 

18480 

- 

47110 

1900 

3384.62 

I 

11859  -  41396 

3491.87 

I 

118,58 

- 

40488 

uo 

.i.JO.).  oo 

130 

3493.34 

12346 

40964 

95 

3387.75 

I 

11454  -  40964 

800 

3.504.41 

I 

18229 

46756 

160 

3389.80 

I 

18356  -  47848 

240 

.3,505.32 

I 

20350 

- 

48870 

95 

3392.17 

[ 

21  1.54  -  50625 

560 

3.508.12 

I 

12346 

- 

40844 

160 

3393.65 

[ 

21343  -  50802 

100 

3510.78 

I 

28241 

56717 

1  'H\ 
1  .)U 

•  JU^O?          u.>  f  <yi. 

100 

3513.70 

18356 

46808 

160 

3397.69 

[ 

11143  -  40566 

130 

35 17., 56 

I 

25517 

53938 

130 

3402.81 

I 

27766  -  57144 

130 

3518.22 

I 

18480 

— 

46895 

65 

3403.35 

] 

114.54  -  40829 

480 

,3,521.41 

I 

201,58 

- 

48547 

640 

3404.34 

] 

118.59  -  41224 

65 

3,522.37 

I 

11859 

- 

40241 

0.; 

ivj^^-j  ri'JOO 

100 

3524.23 

1 1454 

39821 

1300 

3405.94 

] 

190 

.3.524.65 

I 

25821 

54184 

240 

3418.52 

11454  -  40698 

240 

,3524.98 

I 

18229 

- 

46590 

50 

3418.96 

[ 

203,50  -  49,591 

640 

3537.28 

I 

21619 

- 

49880 

250 

3420.04 

I 

18356  -  47588 

320 

3542.17 

I 

18229 

- 

46452 

I  on 

i\/iUO  J 

95 

3554.20 

20281 

A  n  A  f\r\ 

48409 

250 

3422.31 

I 

201.58  -  49370 

65 

3,555^43 

I 

ZUZo  i 

190 

3424.60 

10768  -  39960 

520 

3,558. 10 

I 

18356 

46453 

95 

3424.76 

16748  -  45939 

400 

3,563.14 

I 

11859 

39916 

95 

3425.19 

20281  -  49468 

65 

3.563.76 

I 

19970 

48022 

130 

3425.48 

10(o4  -  \Tr)by 

20158 

48192 

130 

3426.00 

18229  -  47409 

240 

3570.65 

25639 

53637 

160 

3426.79 

118.59  -  41032 

320 

,3573.88 

18480 

46452 

80 

3427.90 

27727  -  56891 

110 

3,580.  ,54 

28241 

56162 

95 

3432.87 

16748  -  45870 

1400 

3,581.89 

16785 

44695 

150 


Molybdenum  —  all  observed  /mes  — Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

AS 

U  J 

3586  86 

J 

25456 

53327 

90 

3696.04 

I 

29982 

_ 

57030 

100 

3588.95 

I 

20350 

_ 

48206 

55 

3698.53 

I 

20281 

_ 

47311 

200 

3590.74 

I 

20350 

- 

48192 

70 

3700.01 

I 

20158 

- 

47177 

65 

3592.02 

I 

16693 

- 

44525 

220 

3702.03 

I 

16693 

- 

43698 

100 

3595.55 

I 

20281 

48085 

180 

3702.55 

I 

OAOO  1 

20281 

A  "7000 

47282 

65 

3595.71 

J 

20608 

_ 

48411 

55 

3705.41 

J 

20130 

_ 

47110 

210 

3598.88 

I 

25.549 

53327 

80 

3707.17 

I 

20281 

47248 

95 

3600.28 

I 

16693 

- 

44461 

80 

3708.56 

I 

23668 

- 

50625 

270 

3602.94 

I 

20281 

- 

48028 

55 

3710.14 

I 

18480 

- 

45425 

65 

3604.07 

I 

25997 

53736 

27 

3711.51 

I 

10966 

37902 

210 

3608  37 

T 

11454 

_ 

39160 

80 

3712.95 

T 

19970 

_ 

46895 

140 

3612.00 

I 

20350 

_ 

48028 

80 

3713^47 

I 

20130 

_ 

47052 

100 

3612.45 

I 

20948 

- 

48622 

70 

3714.55 

I 

21619 

- 

48532 

140 

3613.37 

I 

11454 

- 

39122 

220 

3715.65 

I 

16693 

- 

43598 

100 

3613.64 

I 

21 154 

48819 

140 

3716.07 

65 

3615  15 

I 

26639 

54292 

80 

3716.87 

I 

20281 

47177 

65 

3615.74 

I 

20130 

47779 

55 

3718.48 

I 

26759 

53644 

70 

3616.84 

I 

18229 

- 

4,5870 

120 

3719.55 

I 

200 

3623.23 

I 

3719.74 

I 

20951 

- 

47827 

1400 

3624.46 

I 

16748 

44330 

70 

3720.25 

I 

25707 

52579 

OU^U .  1  o 

12346 

39916 

70 

o  i  £.0, 0 1 

20930 

47779 

65 

3628.35 

20158 

47711 

35 

3723.81 

21343 

48189 

100 

3628.66 

I 

16641 

44192 

180 

3725.56 

I 

20350 

47184 

24 

3629.31 

I 

zoooy 

140 

3726.22 

I 

20281 

47110 

28 

3635.14 

II 

25342 

52843 

3726.32 

I 

20951 

47779 

1000 

3635.43 

J 

16693 

44192 

soo 

3797  69 

1 1 143 

38626 

160 

•^798  ^0 

23668 

50482 

160 

0  £  O  O  OA 

3638.20 

1 

18356 

- 

45835 

150 

3728.50 

1 

140 

3640.62 

I 

20951 

- 

48411 

27 

3730.56 

I 

20158 

- 

46956 

95 

3640.99 

I 

20130 

— 

47.588 

330  d 

3732.71 

I 

3732.80 

16748 

43530 

70 

3642.20 

. 

2095 1 

48399 

70 

3648^61 

I 

16641 

44041 

120 

3733.03 

I 

21619 

48399 

140 

3651.35 

I 

11143 

— 

38522 

80 

3733.40 

I 

21343 

48121 

400 

3657.35 

I 

16641 

- 

43975 

80 

3734.37 

I 

20281 

- 

47052 

70 

3660.92 

I 

26336 

— 

53644 

80 

3735.62 

I 

25906 

— 

52667 

180 

3661  78 

1 1 858 

39160 

90 

3735.91 

J 

20350 

471 10 

140 

3662.99 

I 

25906 

53198 

27 

.3736!  17 

I 

20281 

47039 

140 

3663.30 

I 

20948 

- 

48238 

180 

3737.91 

I 

16784 

— 

43.530 

80 

3664.30 

I 

16693 

- 

43975 

27 

3740.76 

I 

18356 

- 

4,5081 

540 

3664.81 

I 

183.56 

— 

4.5635 

240 

3742.28 

I 

20350 

47064 

4666  T> 

1 

1  67  IR 

\\l  i  TO 

/Idf)  1  9 

3743.81 

20158 

4686 1 

110 

3666.94 

I 

1  1  o.)o 

"iO  1  99 

21 

3744^10 

470S9 

65 

3668.00 

1 

20951 

_ 

48206 

80 

3744.37 

II 

70 

3668.49 

I 

20158 

- 

47409 

27 

3744.94 

I 

220 

3669.34 

I 

21154 

- 

48399 

90 

3745.48 

I 

18229 

- 

44921 

1 

r  i  .>00 

1  10 

■574.7  IQ 

590 

3672.82 

1 

966 '16 

.J.JO.J. ) 

1.50 

3748.49 

966 '^6 

90 

367.S..36 

I 

25997 

I 

.53198 

130 

3751.20 

I 

201,58 

_ 

46808 

23 

3675.98 

I 

18229 

- 

45425 

140 

3755.10 

I 

2,5821 

- 

52444 

90 

3676.24 

1 

20130 

- 

47324 

30 

3755. .54 

I 

21619 

- 

48238 

90 

70 

1 

•^0 

3755.84 

SOI  "Id 

,>U  104" 

1300 

3680.60 

[ 

11QJ.6 

180 

37,58.. 52 

901  Sfi 

I  -JO 

d67S6 

3680.68 

I 

1 0  /  O.J 

30 

37,59.60 

I 

966  "36 

S'<997 

90  d 

3681.55 

I 

20930 

48085 

90 

3760.88 

I 

25997 

52579 

3681.72 

I 

20158 

4731 1 

90 

3761.76 

I 

20350 

46926 

'to 

(1 

36741 

63877 

55 

3762.09 

. 

21619 

48192 

! 

2095 1 

48085 

1  so 

Q7A'3  Ql^ 

0 1 uo . 00 

J 

11859 

38423 

35 

3686. 1 1 

20281 

47402 

55 

3764.44 

21154 

- 

47711 

65 

3688.31 

II 

25112 

52217 

90 

3765.22 

I 

16748 

43299 

70 

3688.97 

I 

25906 

53006 

55 

3765.74 

{ 

48039 

30 

3767.73 

21343 

47877 

240 

3690.59 

20951 

65 

j 

20281 

46808 

23 

3692.08 

1 

18480 

4,5556 

65 

3768.74 

27766 

54292 

180 

3692.64 

II 

24659 

51732 

65 

-  3770.00 

27774 

54292 

160 

3693.38 

11454 

38522 

360 

3770.45 

16784 

43299 

1400 

3694.94 

16641 

43698 

3770.52 

11454 

37968 
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Molybdenum  —  all  observed  Zines  — Continued 


Intensity 

and 
Character 

Wavelength  o 

A  spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

180 

3771.95  I 

16693 

-  43197 

110 

3915.44 

22876 

48409 

3779  89  I 

16748 

-  43246 

7C 
i  o 

OV  ID.  VZ 

22876 

48399 

30 

3775.65  I 

19970 

150 

3917.54 

I 

9ft^5n 

^oo  I  yj 

30 

3776.10  I 

25707 

-  52182 

75 

3917.78 

I 

20930 

_ 

46448 

75 

3922.32 

I 

19970 

- 

45458 

30 

3776.55  I 

20930 

-  47402 

120 

3923.75 

{ 

23668 

49147 

Do 

3777  79  I 

28241 

-  54704 

DO 

OQOQ  7Q 

21619 

47064 

55 

3777.96  I 

20948 

-  47409 

30 

3931.40 

I 

9n9Rl 

4-0  /  Iv 

220 

3779.77  I 

16748 

-  43197 

35 

3935.02 

I 

23516 

I 

48922 

360 

3781.59  I 

11143 

-  37579 

65 

3941.48 

II 

25342 

_ 

50706 

65 

3782.19  I 

20158 

-  46590 

230 

3943.04 

20281 

— 

45635 

oo 

o I oo . oo  1 

oo 

OV4-0. 0  1 

20951 

46302 

90 

3785.03  I 

1  u  1  oo 

—  d.'^lQ7 
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Molybdenum  — all  observed  /irees— Continued 
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Neodymium 


Nd,  Z  =  60,  M  =  144.2,  Ratio  —  =  2.270 

Cu 

Nd  I   Normal  state  of  valence  electrons  4:f6s^      =  0.  LP.  =  44270  cm-^. 
Nd  II  Normal  state  of  valence  electrons  4/*65  "131/2  =  0.  I. P.  =  86500  cm-^. 
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Neodymium  —  all  observed  lines 
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Neodymium  —  all  observed  Ziraes  — Continued 
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7524 

Oo 

071 A  ^R 

3801 

30700 

120 

,3627.41 

II 

^ROl 

OOu  1 

31362 

410 

3718.54 

II 

1 4.70 

9R'^'i4 

^O.J.JT" 

85 

3629.59 

II 

16395 

43938 

85 

3719.21 

170 

3629.94 

II 

5985 

_ 

33526 

140 

3720.54 

I 

6764 

- 

33634 

300 

3631.02 

'I 

13819 

— 

41352 

410 

3721.35 

II 

10667 

— 

37531 

70 

■  JO  JO  .  4-  I 

990 

9799  AO 

15348 

42205 

340 

3634.30 

II 

780 

3723.50 

II 

2585 

29434 

170 

3634.87 

II 

3066 

_ 

30570 

410 

3724.87 

II 

513 

_ 

27352 

70 

3635.11 

2,50 

3726.90 

II 

11310 

_ 

38134 

240 

3637.00 

11 

15518 

— 

43005 

710 

3728.13 

II 

1470 

28285 

94.0 

12199 

O  7UOO 

4.70 

0  I  ,>L/.  ,JO 

3066 

29864 

190 

3637.79 

II 

170 

3731.22 

II 

Q 

t  70 

70 

3638.70 

85 

3731.63 

II 

12013 

_ 

38803 

240 

3640.24 

II 

11273 

_ 

38736 

100 

3732.02 

II 

11273 

— 

38060 

190 

3641.50 

[} 

13804 

- 

412S7 

270 

3732.78 

II 

15130 

— 

41912 

70 

19 

17356 

1 000  A 
lUUU  (J 

■170c  C/l 

4512 

31274 

190 

3643.63 

[l 

,3735.60 

II 

70 

3645.63 

II 

8716 

36138 

440 

3737.10 

II 

2585 

_ 

29336 

240 

3645.78 

II 

513 

_ 

27934 

1000 

3738.06 

II 

4512 

_ 

31256 

120 

3647.93 

270 

3741.42 

}l 

513 

- 

27233 

.i04o.Z() 

12199 

— 

■37/19  c:q 

0 / 4/.oy 

11273 

— 

37985 

240 

3649.46 

140 

3744.24 

l{ 

14  /U 

,70  1  7  A 

ZO  1  /  U 

240 

36,50.42 

11 

16.50 

290,36 

1,50 

3749. 10 

II 

3801 

30467 

50 

3650.69 

200 

3749.85 

II 

1470 

28129 

190 

.3651.. 59 

{' 

13479 

- 

40857 

320 

37,50.31 

1} 

13479 

- 

40136 

izu 

.M),l<i.4,1 

11 

11273 

— 

.>o044 

1  nn 
lUU 

07CA 

2585 

— 

29239 

410 

36.53.15 

lUoo  / 

38033 

120 

3752.29 

I 

240 

.3654.16 

580 

3752.49 

II 

4512 

31153 

120 

3655.03 

II 

3801 

311,53 

370 

3752.67 

II 

0 

_ 

26640 

120 

36,59.94 

1470 

- 

28785 

250 

37,54.83 

{{ 

11310 

- 

37935 

izu 

o  /  U 

0  ( .).>.  OU 

1470 

- 

28089 

470 

3662.26 

,1 

15518 

42816 

100 

3756.83 

II 

513 

27124 

85 

3663.03 

II 

513 

27805 

510 

3757.82 

II 

3801 

30405 

540 

3665.18 

II 

16,50 

28926 

9,30 

3758.95 

II 

150 

3668.79 

300 

37.59.79 

n 

5085 

31675 

190 

,3669.45 

140 

3761.58 

12306 

38883 

85 

3669.75 

85 

3762.09 

4512 

31085 

150 

3670.92 

II 

0 

27233 

930 

3763.47 

1650 

28213 

120 

3671.66 

11 

2.585 

29813 

120 

3765.34 

16395 

42945 
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Neodymium  —  all  observed  /i/ies— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  1 
in  cm 

evels 

Intensity 

and 
Character 

Wavelength  c 

2  oDectrum 
in  A  opci-iiuiii 

Energy  levels 
in  cm"' 

120 

3765.92 

II 

3801  - 

30348 

1500 

3848.52  II 

3066  - 

29043 

300 

3766.59 

II 

12199  - 

38741 

470 

3850.22  II 

100 

3768.71 

II 

11310  - 

37836 

2400  d 

3851.66  II 

2585  - 

28540 

510 

3769.65 

II 

1650  - 

28170 

3851.74  II 

1  Aid 

^  i  ^ZO 

140 

3772.40 

II 

513  - 

27014 

340 

3858.55  II 

513  - 

26422 

140 

3772.93 

II 

12306  - 

38803 

120 

3859.42  II 

1650  - 

27553 

190 

3773.18 

II 

14673  - 

41168 

270 

3860.94  II 

4512  - 

30405 

100 

3774.93 

II 

4512  - 

30995 

300 

3862.52  II 

070  CO 

1400 

3775.50 

II 

5985  - 

32464 

3700  d 

3863.33  II 

A 
U 

0c:Q77 
ZDo  I  i 

250 

3776.34 

II 

12013  - 

38486 

3863.40  II 

A 

u  — 

Zoo  /O 

140 

3777.00 

II 

11273  - 

37741 

170 

3865.98  II 

3066  - 

28926 

710 

3779.47 

II 

1470  - 

27921 

240 

3866.52  II 

513  - 

26369 

580 

3780.40 

II 

3802  - 

30247 

220 

3866.81  II 

1650  - 

2  /o04 

510 

3781.32 

II 

5985  - 

32424 

850 

3869.07  II 

1470  - 

27309 

300 

3783.78 

II 

16395  - 

42816 

240 

3875.74  II 

1650  - 

27444 

2400 

3784.25 

II 

3066  - 

29484 

470 

3875.87  II 

3066  - 

28860 

270 

3784.73 

II 

13819  - 

40234 

1100 

3878.58  II 

1470  - 

27245 

190 

3784.85 

II 

513  - 

26926 

1000 

3879.55  II 

2585  - 

28354 

150 

3785.11 

II 

5985  - 

32397 

780 

3880.38  II 

1470  - 

27233 

120 

3785.40 

II 

13247  - 

39657 

3QQn  70  II 
OOOv.  to  11 

513  - 

26274 

120 

3788.97 

200 

3881.59 

340 

3791.50 

II 

3066  - 

29434 

100 

3883.76 

150 

3792.81 

II 

3066  - 

29425 

100 

3884.08  II 

13804  - 

39543 

340 

3795.45 

II 

1650  - 

27990 

100 

3884.74  II 

120 

3796.49 

II 

14835  - 

41168 

3ftfi6  OQ  II 

11939  - 

37664 

170 

3799.24 

II 

2.585  - 

28899 

540 

3887.87  II 

513  - 

26227 

240 

3799.55 

II 

1470  - 

27781 

370  h 

3889.66  II 

1650  - 

27352 

370 

380 1.12 

II 

4512  - 

30813 

1300 

3889.93  II 

2585  - 

28285 

200 

3801.38 

II 

1470  - 

27769 

170 

3890.22  II 

4512  - 

30210 

340 

.3802.30 

II 

0  - 

26292 

1300 

3890  sa  11 

5085  - 

30781 

1200 

3803.47 

II 

1650  - 

279,34 

1300 

3890.94  II 

513  - 

26206 

200 

3804.10 

11 

513  - 

26793 

580 

3891.51  II 

5985  - 

31675 

2500 

3805., 36 

II 

2585  - 

288.56 

470 

,3892.06  II 

11748  - 

37434 

340 

3805.55 

II 

3066  - 

29336 

810 

3894.63  II 

513  - 

26182 

470 

3807.23 

II 

513  - 

26772 

140 

3895.37  II 

11377  - 

37041 

140 

3808.25 

II 

1470  - 

27721 

85 

389,5^91 

540 

3808.77 

II 

513  - 

26761 

270 

,3896. 13  II 

3066  - 

28725 

440 

3809.06 

11 

513  - 

267.59 

440 

,3897.63  11 

1650  - 

27299 

580 

3810.49 

11 

5985  - 

32221 

2000 

.3900.21  II 

3801  - 

29434 

240 

3811.06 

II 

3067  - 

29298 

1  ovu 

3Qni  84  II 

5085  - 

30707 

270 

3811.77 

II 

0  - 

26227 

140 

,3902.51  I 

200 

3812.53 

II 

15130  - 

41352 

120 

3903.51  II 

2,585  - 

28196 

710 

3814.73 

11 

0  - 

26206 

100 

3905., 56 

190 

3817.38 

11 

513  - 

26702 

1700 

,3905.89  II 

1650  - 

27245 

100 

38 18.8  t 

11 

102.56  - 

36434 

1 10 

I  '-r\f 

3Q()6  OQ  II 

1650  - 

27244 

240 

3819.70 

II 

3066  - 

29239 

100 

3907.. 50 

410 

3822.47 

11 

3801  - 

29955 

200 

3907.70  II 

16,50  - 

27233 

85 

3823.26 

11 

1650  - 

27798 

510 

,3907.84  II 

4512  - 

30094 

1200 

3826.42 

II 

513  - 

26640 

2000 

3911.16  II 

3801  - 

29362 

240 

3828.00 

II 

0  - 

261 15 

850 

,3912.23  II 

9228  - 

34782 

540 

3828.85 

II 

340 

.3913.69  II 

1470  - 

27014 

440 

3829.16 

II 

5985  - 

32093 

440 

.3915.13  II 

510 

38.30.47 

II 

16906  - 

43005 

610 

3915.95  II 

16,50  - 

27179 

100 

3832.76 

II 

1470  - 

27553 

340 

3917.65  II 

12013  - 

37531 

740 

3836.54 

II 

4512  - 

30570 

o,j 

3918.90  II 

11939  - 

37449 

340 

3837.91 

11 

1470  - 

27518 

220 

3919.92  II 

5985  - 

31489 

1700 

3838.98 

II 

0  - 

26041 

1100 

3920.96  II 

3066  - 

28,563 

340 

3839.51 

II 

10667  - 

36704 

140 

3924.49  II 

16,50  - 

27124 

410  d 

3841.82 

II 

3066  - 

29088 

85 

3924.98  I 

0  - 

2,5470 

100 
100 
190 
100 
1700  d 

3841,88 
3844.18 
3845.74 
,3846.71 
3846.97 
.3848.24 
3848.31 

II 

11 
II 
II 
II 

11 

14835  - 

1 1310  - 
16,50  - 
513  - 
1470  - 
2585  - 

40857 

37305 
27638 
26500 
27449 
28563 

85 
70 
510 
200 
150 

,3925.63  II 
,3926.62  II 
3927.10  II 
3929.26  II 
3934.09  II 

13337  - 

1470  - 
4512  - 
14835  - 

38803 

26926 
29955 
40247 
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Neodymium  —  all  observed  /trees  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  o 

ij,  ^  bpectrum 

Energy  levels 
in  cm"' 

610 

3934.82 

II 

2585  -  27992 

100 

4010.45  II 

3801 

— 

28729 

410 

oVoD. 1 1 

Ti 
11 

iMol  —  o/4oo 

loU 

/lAl  1   AO  TT 

4uii.uy  11 

3801 

28725 

140 

3937.00 

I 

3700 

4012.25  II 

ouoo 

^nAn9 
ouuuz 

70 

3937.57 

II 

0  -  25389 

540 

4012.70  II 

0 

_ 

24913 

510 

3938.86 

II 

13048  -  38429 

140  h 

4013.22  II 

1470 

— 

26380 

140 

3939.52 

II 

5985  -  31362 

70 

4015.56  II 

13971 

38867 

2000 

oV4t.ol 

11 

r>  16  —  zoo  /  / 

0  7A 
0  /U 

/1A1001  TT 

4Uio.ol  11 

513 

25389 

85 

3942.12 

II 

513  -  25873 

120 

4019.79  II 

OUOO 

150 

3942.62 

II 

16395  -  41751 

85 

4020.05  II 

10256 

35124 

70 

3946.81 

II 

11377  -  36707 

1000 

4020.87  II 

2585 

_ 

27449 

100 

3947.61 

I 

2366  -  27691 

1000 

4021.34  II 

2585 

— 

27446 

loU 

TT 
11 

oUoo  —  OU4U.0 

1  AAA 

/lAOl   7Q  IT 

4UZ I.  to  11 

1470 

26328 

70 

3950.42 

1200 

4023.00  II 

1  fi^fX 

lOoU 

2000 

3951.16 

II 

1470  -  26772 

340 

4024.78  II 

513 

25352 

810 

3952.20 

II 

0  -  25295 

410 

4030.47  II 

1470 

_ 

26274 

320 

3952.87 

II 

1470  -  26761 

1200 

4031.82  II 

5985 

- 

30781 

o  c 

If 
11 

oUOO  —  ZHo.o4 

1  OA 

IzU 

/I  AO  0   C  A 

4Uoo.o0 

320 

3953.52 

II 

3801  -  29088 

100 

4033.90  II 

1  1  ooo 

1  ivoy 

OO  /  ZZ 

100 

3954.41 

70 

4034.01  II 

513 

25295 

60 

3955.09 

II 

16,50  -  26926 

270 

40.38.12  II 

1470 

26227 

120 

3955.95 

II 

.5985  -  312.56 

3000 

4040.80  II 

1470 

- 

26211 

z4u 

.■i9.T/.4o 

11 

10.1*70  00*7,11 

1,14/9  -  0O/41 

OAA 

zOO 

Af\A^    A/;  TT 

4041.00  11 

3801 

- 

28540 

590 

,3958.00 

11 

513  -  25772 

85 

4042.51  II 

1  ^  C  A 

looO 

O^  OO  A 

zoooO 

510 

3962.21 

II 

2,585  -  27816 

85 

4043.05  II 

10439 

35165 

1400 

3963.12 

II 

3802  -  29027 

410 

4043.59  II 

2585 

27309 

270 

3963.90 

II 

5085  -  30306 

85 

4044.35  II 

1650 

- 

26369 

1  OA 

0C\^1  A/" 

11 

1470  -  z66/0 

/I  1  A 

410 

/1A/1001  TT 

404o.ol  11 

12013 

- 

36704 

150 

3967.75 

II 

2.585  -  27781 

8,50 

4051.15  II 

Q  A^  *7 

,500  / 

^T7  A  A 

z  /  /44 

170 

3968.88 

II 

4512  -  29701 

85 

4054.86  II 

3066 

27721 

120 

3969.67 

II 

2,585  -  27769 

85 

40,56.83  II 

13247 

37890 

1100 

.3973. .30 

II 

5086  -  30247 

8.50 

40,59.96  II 

1650 

- 

26274 

740 

.IV  /.5.o9 

II 

z,ooo  -  z  /  /44 

A  "7  A  A 

4  /UO 

4       1    A  A  TT 

40Di.uy  11 

3802 

- 

28419 

150 

3975.20 

II 

10786  -  3,5935 

85 

4067.73  II 

1  il.  C  A 

1650 

'1    '1  »">  7 
ZDZZ  / 

120 

.3976.09 

II 

1650  -  26793 

1 100 

4069.28  II 

513 

2508 1 

740 

3976.85 

11 

0  -  251.38 

100 

4071.46  II 

13479 

38033 

100 

3977.29 

II 

513  -  2,5648 

140 

4074.42  II 

5085 

- 

29622 

£  A 

60 

.1977.99 

r  I 
II 

lo/i^o         ool  "7n 

13048  -  38179 

"7  1  A 
/  10 

A  A"?  CIO  TT 

40 /.o.  Iz  11 

16,50 

- 

26182 

70 

.3979.03 

470 

4075.28  II 

513 

25045 

740 

3979.49 

II 

1650  -  26772 

240 

4077.62  II 

10091 

34608 

60 

3980.98 

470 

4080.23  II 

513 

2,5014 

140 

3981.24 

II 

16,50  -  26761 

140 

4082..55  II 

13545 

- 

,38033 

320 

3982.36 

II 

3067  -  28170 

240 

4085.82  II 

0 

- 

24468 

85 

3983.41 

II 

3801  -  28899 

70 

4086.82  II 

16395 

40857 

70 

3983.. ')8 

II 

10786  -  3,5882 

85 

4088.. 56  II 

3066 

27518 

470 

3986.25 

II 

11273  -  36352 

70 

4089.12  II 

1470 

259 1 8 

60 

3987.25 

11 

12232  -  37.305 

120 

4089.68  11 

50 

3987.81 

11 

4512  -  29581 

85 

409 1 . 00  11 

1,3048 

- 

37485 

70 

3988.82 

11 

3066  -  28129 

140 

4094.62  11 

12306 

36722 

1400 

3990. 10 

II 

3802  -  28857 

85 

4095.43  11 

13479 

37890 

1000 

3991.74 

II 

0  -  25045 

270 

4096.13  II 

2585 

26991 

85 

3992.16 

II 

11310  -  363,52 

100 

4096.71  II 

1470 

- 

2,5873 

85 

3992.28 

II 

12087  -  37128 

220 

4098.18  11 

3801 

- 

28196 

170 

3992.60 

II 

1 1377  -  36416 

100 

4098.91  II 

1 1748 

36138 

1 100 

3994.68 

II 

2585  -  2761 1 

190 

4100.24  II 

ov/u  t 

27449 

140 

3995.26 

11 

3066  -  28089 

85 

410L45  II 

70 

3997.44 

II 

5085  -  30094 

85 

4102. .53  II 

13063 

- 

37431 

70 

3997.78 

II 

1,5479  -  38486 

1,50 

4104.23  II 

3066 

- 

27425 

170 

3997.93 

II 

15130  -  40136 

50 

4104.54  II 

0\i 

3998  16 

200 

4106. .59  II 

4512 

28857 

1 70 

120 

4107.44  II 

12013 

36352 

410 

4000.50 

11 

1650  -  26640 

120 

4107.96  II 

15348 

39685 

540 

4004.02 

11 

513  -  2.5481 

1400 

4109.08  11 

513 

24843 

100 

4004.26 

2500 

4109.46  II 

2585 

26913 

410 

4007.43 

II 

3801  -  28748 

510 

4110.48  II 

0 

24321 

85 

4008.75 

11 

12861  -  37799 

300  h 

4113.83  II 

1470 

25772 
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Intensity 

and 
Character 

W  a  velength 

•  I 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

•    f  "  spectrum 
m  A 

Energy  levels 
in  cm"' 

70 

4116.34 

II 

13550 

- 

37836 

70 

4226.99  II 

14835 

- 

38486 

35 

4116.77 

II 

513 

- 

24797 

440 

4227.73  II 

3802 

- 

27449 

OO 

A  1  OA 

Ti 

5986 

30247 

1  AA 

190 

/lOOOAO  TT 

4228.03  11 

1650 

— 

25295 

OO 

TT 
11 

1  AA 
IVU 

/IOOO  OA  II 

4ZZ0.ZU  11 

oOUZ 

A  1  9^  QQ 
4-1  Zo.oo 

TT 
11 

1  AA 
lUU 

/loon  CA  II 
4zzy.50  11 

A 

u 

ZoOoO 

50 

4125.05 

II 

1300 

4232.38  II 

513 

- 

24134 

85 

4128.70 

II 

5487 

- 

29701 

100 

4233.15  II 

11273 

- 

34889 

50 

A  1  OA  0*7 

If 

u 

17544 

41751 

250 

/lOO/llA  TT 

4234.19  11 

1470 

— 

25081 

50 

A  1  OA 

TI 
11 

290  h 

4235.24  11 

1 1  "3 1  n 
1  lolU 

o'ty  lo 

OO 

A^  on  C£. 

TT 
11 

ooU  1 

97QQ'l 
Z  /  Wo 

OAA 

zVO 

A  OOA  OA  II 

4zoy.o4  11 
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Nickel 

Ni,  Z  =  28,  M  =  58.7,  Ratio  ^  =  0.924 

Lu 

Ni  I   Normal  state  of  valence  electrons  3d%s^  W4  =  0.  LP.  =  61579  cm"^ 
Ni  II  Normal  state  of  valence  electrons  Sd^^Dinz  =  0.  I. P.  =  146532  cm"'. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939),  below  6000  A. 

K.  Burns  andF.  Sullivan,  Sci.  Studies  St.  Bonaventure  Coll.  13,2  (1947),  above  6000  A. 

Classification: 

Ni  I,   H.  N.  Russell,  Phys.  Rev.  34,821  (1940). 
Ni  II,  A.  G.  Shenstone,  Phys.  Rev.  30, 255  (1927). 


Strong  lines  of  nickel 


Intensity 

and 
Character 

Wavelength  c 

A  bpectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

ijj  A  spectrum 

Energy  levels 
in  cm"' 

8200 

3414.76  I 

205  -  29481 

3700 

3012.00  I 

3410  -  36601 

8200 
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Nickel  —  all  observed  lines 
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2423.66 

I 

2217 

43464 

130 
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Nickel  — all  observed  /mes— Continued 


Intensity 

and 
Character 


Wavelength  c 

in  A  Spectr 


Energy  levels 
in  cm^' 


Intensity 

and 
Character 


Wavelength  c 

in  A  Spectrum 


Energy  levels 
in  cm"' 


1300 

3610.46  I 

880 

— 

28569 

oo\J 

rif.  19  7/1  T 

zyooo 

6600 

3619.39  I 

3410 

31031 

130 

3624.73  I 

0 

_ 

27580 

200 

3664.10  I 

2217 

_ 

29501 

130 

3669.24  I 

1332 

28578 

1  on 

Qz; 7^  AO  T 
OO/U.'+O  1 

1  Q  9  O 

OO  c  An 

260 

3674.15  I 

3410 

30619 

160 

3688.42  I 

2217 

29321 

80 

3693.93  I 

880 

27944 

120 

3722.48  I 

1713 

— 

28.569 

Q  A  1  A  9 

60 

3739.23  I 

1332 

28068 

600 

3775.57  1 

3410 

29888 

700 

3783.53  1 

3410 

29833 

700 

3807.14  I 

3410 

- 

29669 

1  lU 

3410 

2950 1 

1200 

3858.30  I 

3410 

2932 1 

30 

3889.67  1 

1713 

27415 

35 

3972.17  1 

3410 

28578 

110 

3973.56  1 

3410 

- 

28569 

110 

4401.55  1 

25754 

48467 

85 

4459.04  I 

26666 

49086 

18 

4462.46  1 

27944 

50346 

55 

4470.48  1 

27415 

49778 

35 

4592.53  1 

28578 

- 

50346 

18 

4600.37  1 

29013 

50745 

65 

4605.00  1 

28068 

49778 

18 

4606.23  1 

29013 

507 1 7 

75 

4648.66  1 

27580 

49086 

23 

4686.22  1 

29013 

- 

50346 

1 10 

4714.42  1 

27261 

48467 

22 

4715.78  1 

28578 

49778 

30 

4756.52  1 

28068 

49086 

15 

4763.95  1 

29481 

50466 

45 

4786. .54 

27.580 

- 

48467 

22 

4807.00 

29669 

50466 

22 

h 

4829.03 

28569 

49271 

19 

4831.18 

29084 

49778 

45 

4855.4 1 

28569 

49159 

30 

4866.27  1 

28542 

- 

49086 

17 

4873.44 

29833 

50346 

40 

4904.4 1 

28569 

48953 

•)•) 

49 18.36 

30980 

5 1306 

I  u 

•I- ./.J.l .  O.J 

•  J  1  /  ou 

45 

4980.16  1 

29084 

- 

491.58 

4984. 13  1 

30619 

50678 

I  0 

u 
n 

lOI  1  1 

1  o 

•)nO  !  ■! 

Z  70.).) 

ou 

rn-+U  1 

100 

5035.37  ! 

2932 1 

49175 

16 

5048.85  1 

31031 

50832 

100 

5080.52 

29481 

491.58 

65 

5081.11  1 

31031 

50706 

26 

h 

5084.08  1 

29669 

49333 

18 

5099.32  1 

29481 

49086 

26 

h 

5099.95  1 

29669 

49271 

21 

5115.40  1 

30923 

50466 

18 

h 

5129.38  1 

29669 

491,59 

23 

5137.08  I 

13521 

_ 

32982 

23 

h 

5142.77  I 

29888 

- 

49328 

40 

h 

5146.48  I 

29888 

- 

49314 

/I  A 

n 

C  1  C  C   7<i  1 
DIOO. (0  1 

0  1  /I  /I  o 

31442 

C  AOO  O 

50832 

1  A 

10 

r  1  z:  Q  ] 

altjo.oo  ] 

OAOO  0 

/I  A  1  7C 

49175 

1  Q 

c 1 7£  Crf;  1 

0  1  /I  /I  o 

CATC  A 

50754 

8 

5435.87  I 

16017 

- 

34409 

180 

5476.91  I 

14729 

— 

32982 

f. 

0 

ccifi  nn  1 

DolU.UU  J 

Q  1  C\'X  1 

olUol 

/to  1  7c: 

o 

00  io.  io  I 

looL  I 

0 

c:c:q7  qa  1 

1  n 
lODlU 

'3'3c:n  1 

13 

5592.28  I 

15734 

- 

33611 

9 

5614.79  1 

33501 

— 

51306 

c 
o 

u 
n 

DOZD.oo  J 

QOQQO 

A 
4' 

C£^0  7n  1 
OO'+V.  t\J  J 

OoOl  1 

oloUo 

c 
0 

c£.f.A  no  1 
0004.  Uz  J 

Q£/:ni 
oOOUl 

o4zol 

12 

5682.20  I 

33112 

- 

50706 

8 

5695.00  1 

32982 

— 

50537 

ZO 

D/UV.OO  J 

lOOL  I 

1  f\ 

C7 1  1  on  1 

Dill  .yu  J 

1      1  (\ 

QQ  1  1  9 

lU 

r  7 1 c  AQ  1 

00070 

oU400 

16 

5754.68  I 

15610 

- 

32982 

8 

5760.85  I 

33112 

— 

50466 

1  A 

CQC7  7z:  1 
OOO i . iO  \ 

ooOl  1 

cn/;7Q 
OUO  /o 

1  r\ 

CQQO  QQ  1 

1  Ani  7 

lOUl  / 

QOQQO 

oZVoZ 

1  A 

A  1  no  1  o  i 
OlUo.lZ  1 

1  0  C  O  1 

1 00 1 1 

onooo 

10 

6176.81  I 

32973 

- 

49158 

10 

6191.18  I 

13521 

- 

29669 

13 

6/56.36 

1  O  C  O  1 

13521 

OAC  A  1 

z950 1 

1  A 

A  Q  1  /I 
0014.00 

1        1  A 

3  1  ;1 ,1  O 

.11 44z 

Id 

004 J.  04-  I 

1  1  C  O  1 
1  J,OZl 

oo  C/.  A 

22 

6767.77  I 

14729 

- 

29,501 

9 

6772.32 

29,501 

- 

44263 

10 

6914. ,56 

15734 

30192 

5 

7110.90 

1,5610 

29669 

26 

7122,20 

28569 

42606 

6 

7182.00  I 

30192 

- 

44112 

5 

7197.02  1 

1,5610 

- 

29,501 

5 

T'l/"  1  AO 

7261.93 

1  C  7*)  /I 

Ofl  C  A  1 

zy,o()  1 

5 

TOA  1    -1  C 

7291.45 

1  C  A  1  A 

15610 

•lA  0>>  1 
Z9.5Z  1 

4 

7385.24 

22102 

35639 

16 

7,393.60  1 

29084 

- 

42606 

16 

7409,35 

30619 

- 

44112 

5 

7414,51 

16017 

2950 1 

23 

7422,28 

29321 

42790 

13 

7522.76 

29,501 

42790 

9 

7525.12  1 

29321 

- 

42606 

19 

7.555.60 

31031 

- 

44263 

8 

7574.05 

30913 

441 12 

23 

7617.00 

29481 

42606 

9 

7619.21 

29669 

42790 

16 

7714.32  I 

15610 

28569 

5 

h 

77 15., 58  1 

29833 

42790 

19 

7727.61  1 

29669 

42606 

19 

7748.89  I 

29888 

42790 

10 

7788.94  I 

157.34 

28569 

13 
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Niobium 

Nb,  Z  =  41,  M  =  92.9064,  Ratio  ^  =  1.462 

Nbl     Normal  state  of  valence  electrons  4c?''55  <'Di/2  =  0.  I.P.  =  55000  cm'^ 
Nbll    Normal  state  of  valence  electrons  4c?4^Do  =  0.  LP.  =  115000  cm-^. 

References 

Wavelengths: 
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1939). 

Supplemented  by  Humphreys'  and  Meggers'  paper  cited  below. 
Classification: 

Nbl  and  Nbll,  C.  J.  Humphreys  and  W.  F.  Meggers,  J.  Research  NBS  34  ,  477  (1945).  RP1656. 


Strong  lines  of  niobium 


Intensity 

and 
Character 
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in  A 
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Energy  levels 
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Niobium  —  all  observed  lines 
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J 

8705 

I 

37955 

320 

3296.01 

2805  - 

33136 

90 

3420.63 

II 

7506 

— 

36732 

160 

3299.61 

I 

2154  - 

32452 

180 

3423.76 

2805 

— 

32005 

120 

3304.83 

13146  - 

43396 

230 

3425.42 

IT 
11 

10919 

40104 

120 

3308  05 

{ 

lOo  ( 

0  loUo 

130 

3425  85 

lOUlZ 

4.Z  ly't 

120 

3310.47 

J 

2805  - 

33004 

230 

3426.57 

II 

10604 

_ 

39780 

85 

3311.34 

J 

12982  - 

43173 

230 

3427.45 

2805 

_ 

31973 

400 

3312.60 

I 

2154  - 

32333 

40 

3428.79 

I 

10923 

- 

40079 

200 

3315.22 

{ 

8827  - 

38982 

130 

O  ,*  OA    A  A 

3429.04 

J 

5965 

35120 

200 

3318.98 

loo  / 

40 

3432.42 

o4-l  1 

07c  07 

120 

3319  26 

I 

280,1  - 

32924 

180 

3432  70 

II 

16219 

45342 

120 

3319  58 

II 

7261  - 

37377 

75 

3433  09 

9329 

_ 

38449 

40 

3320.81 

II 

15.551  - 

456.56 

90 

3436.96 

II 

15551 

- 

44639 

240 

3326.62 

{ 

9329  - 

39381 

90 

3439.92 

II 

7901 

— 

36963 

170 

3329.36 

QQ07 

OQQCA 

0OO04. 

180 

3440.59 

II 

OOZU 

07077 

Holt 

110 

3332. 16 

I 

21.54  - 

321.56 

65 

3442  65 

8827 

37866 

130 

3341.60 

II 

10186  - 

40104 

35 

3442.79 

J 

12102, 

_ 

41140 

1300 

3341.97 

I 

1143  - 

31057 

90 

3445.68 

I 

12358 

- 

41371 

1300 

3343.71 

1,587  - 

31485 

90 

3452.35 

II 

14661 

— 

43618 

85 

3343.96 

II 

ooM  — 

OOZ  10 

3452.37 

1  loZo 

/I  A/1  QO 

130 

3346.93 

4998  - 

34868 

75 

'54S6  54 

I 

9329 

38251 

1700 

3349.06 

I 

2154  - 

32005 

90 

3457.79 

I 

9043 

_ 

37955 

420 

3349.. S2 

I 

11.525  - 

41371 

75 

34,58.95 

I 

5965 

- 

34868 

40 

3352.59 

} 

2154  - 

31973 

90 

3459.70 

} 

9498 

— 

38393 

340 

3354.74 

zoUo  - 

,izoUo 

50 

346?  65 

Z  lol- 

0  1  AO/i 

0  lUZO 

no 

3357.04 

J 

21.54  - 

31934 

170 

3463  fil 

J 

1.3012 

41874 

1  1  KJVJ 

.J.J.  JO. 

J 

2805  - 

32573 

180 

346  S  86 

. 

1143 

29987 

130 

3,365., 58 

II 

8320  - 

38024 

90 

3467.47 

I 

8705 

- 

37,537 

340 

3366.96 

9329  - 

39021 

130 

O  /*      A     A  A 

3469.44 

{ 

9329 

- 

,38144 

85 

3367.38 

{ 

O  "7  A  C 

8705  - 

0  OO  AO 

100 

3471. 19 

1  rf^  A  1  A 

loy  ly 

/I  C  7  1  A 

3369. 16 

[I 

15949  - 

4,5622 

140 

3473.02 

I 

13146 

41931 

3369.83 

9043  - 

38710 

50 

3475.58 

12982 

41746 

170 

3371.. 33 

I 

2154  - 

31808 

290 

3478.69 

I 

5965 

- 

34704 

65 

3372.09 

2805  - 

32452 

3478.78 

II 

10247 

- 

38984 

65 

3372. .S6 

II 

10919  - 

40,561 

200 

3479.56 

II 

10604 

- 

39335 

3374.25 

II 

7901  - 

37528 

50 

3481.05 

4998 

_ 

33717 

3374.92 

8827  - 

38449 

100 

3484.05 

II 

6192 

34886 

65 

3376.34 

I 

12137  - 

41746 

50 

3485.93 

I 

13515 

- 

42194 

85 

3376.73 

1 

11248  - 

40854 

75 

3489.09 

II 

7901 

- 

36553 

uo 

■  J.  )OV/ .  V/.J 

I 

2805  - 

32382 

2,30 

349 1  03 

1 143 

29779 

3380.4 1 

■ 

1 1 1  'i  - 

307 16 

50 

3491.48 

I 

1 143 

29776 

1 

5298  - 

34868 

75 

3496  03 

J 

123,58 

40953 

3. '^80  9.^ 

1, 

16053  - 

45622 

200 

3497.81 

392 

28973 

I 

- 

85 

338;^.  80 

j 

8411  - 

37955 

500 

3498.63 

{ 

5298 

- 

33872 

00 

»><lO'f  .(H) 

12018  - 

41555 

inn 

9329 

37866 

1  7(1 

9813  - 

39335 

^n 

OOV/O.  O  1 

9439 

37955 

O.IO  J.J.) 

1 

5298  - 

34808 

460 

3^07  96 

154 

28653 

85 

3390. 6;i 

I 

9498  - 

38982 

200 

3510.26 

II 

16053 

- 

44532 

40 

3391.33 

12137  - 

41615 

85 

351 1. 19 

10238 

- 

38710 

■JUU 

.! 

1.587  - 

31057 

200 

3515.42 

II 

10247 

38685 

An 

.).)Vt.  Vo 

12263  - 

41710 

'in 

ou 

I'll 6  9n 

O.)  1  u.  zu 

9329 

37761 

1  1  U 

1 

1.587  - 

31026 

OO 

I'll 6  ft6 
OO  1  u.  ou 

J 

9439 

37865 

85 

3398.25 

I 

200 

3517.67 

II 

16219 

44639 

120 

.3399.40 

2805  - 

32214 

3517.76 

5298 

33717 

85 

3399.71 

14661  - 

44067 

200 

3520.06 

1,587 

29987 

85 

3403.02 

85 

3525.23 

13012 

41371 

230 

.3405.41 

9498  - 

38854 

100 

3533.66 

154 

28445 

179 


Niobium  —  all  observed  /ine5— Continued 


Tntpncitv 
v_.  iicti  acici 

Wavelength 
in  A 

O p II  U  111 

Energy  levels 
in  cm~' 

1  nt^ncitv 
111  ICIlal  I  y 

cLnd 

1    ri  Q  yn  r"! 
V^IIdl  add 

Wavelength 
in  A 

^  n  <^  r>  t  r*i  i  m 
opccii  Ulll 

Energy  levels 
in  cm"' 

50 

3534.12 

I 

5965  -  34253 

100 

3655.98 

J 

154 

27499 

2000 

3535.30 

I 

0  -  28278 

100 

3657.11 

I 

13146 

_ 

40482 

I 

695  -  28973 

200 

3659.61 

II 

15551 

- 

42869 

1300 

3537.48 

I 

392  -  28653 

630 

3660.37 

I 

2805 

30117 

100 

3539.65 

I 

9043  -  37287 

55 

3661.68 

I 

10238 

37540 

250 

3540.96 

II 

8320  -  36553 

90 

3662.05 

J 

1143 

28442 

100 

3541.90 

13146  -  41371 

900 

3664.70 

I 

695 

_ 

27975 

50 

3542.56 

I 

2805  -  31026 

55 

3666.53 

I 

11248 

- 

38514 

90 

3542.98 

I 

1143  -  29360 

45 

3667.00 

I 

12358 

— 

39620 

500 

3544.02 

I 

0  -  28208 

55  d 

3667.66 

I 

10923 

— 

38180 

250 

3544.65 

5965  -  34169 

3667.76 

J 

100 

3548.13 

I 

1587  -  29763 

1,30 

3668.62 

I 

4998 

- 

32249 

50 

3549.26 

I 

13405  -  41572 

220 

3669.01 

I 

5298 

32.546 

300 

3550.45 

I 

392  -  28549 

100 

3669.74 

I 

12288 

— 

39,530 

250 

3554.52 

I 

2154  -  30279 

35 

3671.37 

I 

12018 

— 

39248 

1000 

3554.66 

1.54  -  28278 

55  he 

3672.44 

J 

50 

3559.12 

I 

4998  -  33087 

27 

3673.23 

I 

13146 

_ 

40362 

630 

3563.50 

I 

154  -  28208 

270 

3674.78 

I 

392 

- 

27597 

630 

3563.62 

I 

392  -  28445 

27 

3675.17 

I 

50 

3,568.51 

II 

7.506  -  3,5.521 

90 

3676.31 

I 

12692 

- 

39886 

100 

3568.72 

4998  -  3,3011 

90 

3677.08 

J 

1  1  C\±A. 
1  1U4-4- 

OoZoZ 

180 

3,569.47 

I 

2154  -  .30162 

110 

3677.78 

I 

9329 

I 

36511 

50 

3575.13 

I 

12018  -  39981 

29 

3678.72 

I 

15467 

- 

42643 

1500 

3575.85 

I 

695  -  28653 

85 

3686.. 56 

I 

2154 

- 

29272 

200 

3577.72 

I 

10238  -  38180 

29 

3687.44 

I 

12137 

- 

39248 

5000 

3580.27 

1 

1050  -  28973 

120 

.3687.97 

II 

85 

3582.36 

I 

5965  -  .3.3872 

85 

3688.18 

II 

10919 

_ 

38024 

500 

3584.97 

I 

392  -  28278 

120 

3688.70 

I 

695 

- 

■iim 

750 

3589.11 

I 

695  -  28549 

85 

,3689.04 

I 

11044 

- 

,38144 

500 

3589., 36 

I 

2805  -  30658 

1.50 

,3693.37 

I 

4998 

- 

32066 

500 

3593.97 

, 

392  -  28208 

1,50 

3694.67 

J 

I  1  ^O'^ 

I I  OZr) 

.50.JO.J 

50 

3597.26 

I 

12288  -  40079 

95 

3695.90 

II 

1  ■+U0  I 

50 

3598.35 

I 

0  -  27783 

1.30 

3697.39 

I 

5965 

33004 

150 

3599.28 

I 

13146  -  40921 

1500 

3697.85 

I 

392 

- 

27427 

150 

3599.63 

I 

1587  -  29,360 

95 

3699.93 

I 

500 

3602.56 

' 

695  -  zh44,t 

I  on 

130 

A  iU,3.  16 

' 

1  ox)  1  z 

I 

50 

3604.08 

1 

695  -  28434 

130 

3703.91 

I 

1,3012 

40003 

150 

3615.50 

I 

12358  -  40009 

140 

3704. 14 

I 

11,525 

- 

38514 

90 

3617.71 

1 

17476  -  45110 

65 

3707.80 

I 

1,587 

- 

28,549 

50 

3618.44 

I 

1.54  -  27783 

190 

3709.25 

II 

11340 

- 

38291 

1.99}}  _  32623 

3709.42 

I 

5298 

- 

32249 

90 

36 18.90 

300 

3619.51 

[| 

7901  -  35521 

65 

3710.45 

I 

10923 

37866 

50 

3619.73 

II 

15949  -  43568 

330 

3711.34 

I 

0 

- 

26937 

200 

3621.03 

1 

2154  -  29763 

50 

3711.78 

I 

5965 

- 

32899 

140 

3625.17 

I 

10238  -  37815 

3300 

3713.01 

1 

10,50 

- 

27975 

190 

3713.82 

[ 

150 

3630.62 

1 

12102  -  39638 

85 

3716.21 

1 

695 

27,597 

100 

3633.00 

1 

12692  -  40210 

480 

3716.99 

1 

11248 

- 

,38144 

90 

.3633.31 

II 

16053  -  43568 

3717.06 

II 

13666 

- 

40,561 

150 

,3633.71 

1 

15;  -  27666 

140 

3717.54 

I 

10923 

- 

37815 

1  (in 

■<6'<  I  11 

. 

88? 7  -  36334 

85 

3720.46 

II 

1  lAon 
l.JOVvJ 

100 

3635.32 

[ 

12.503  -  40003 

65 

3721.. 52 

12982 

39846 

100 

3636.96 

1 

12358  -  39846 

95 

3722. .32 

I 

13146 

- 

40003 

100 

3637.54 

I 

12137  -  39620 

95 

3722.95 

I 

150 

3637.83 

I 

65 

3725.22 

I 

9498 

- 

36,334 

I  nn 

■)A)o  7(1 

. 

?ft05  -  30279 

2700 

3726.24 

J 

ZOVoo 

200 

3639.33 

1 

13012  -  40482 

140 

3727.23 

1 

1 1044 

37866 

150 

3640.64 

I 

1,54  -  27614 

95 

3732.03 

I 

11044 

37832 

85 

3643.34 

1 

12982  -  40422 

65 

3733.32 

1 

18,332 

45110 

85 

3643.72 

1 

15282  -  42719 

65 

37.33.62 

I 

1143 

27919 

100 

3644.94 

y4.5v  —    .iOfJO  / 

.J  /  .>o.  4-Z 

. 

10238 

36979 

50 

3647.31 

13012  -  40422 

2700 

37,39.80 

695 

27427 

420 

3649.85 

392  -  27783 

670 

3740.73 

11 

13055 

39780 

250 

36.50.81 

10,50  -  28434 

3740.84 

695 

27420 

400 

3651.19 

7506  -  34886 

270 

,3741.78 

0 

26718 

180 


Niobium  — all  observed  /irees— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

1700 

3742.39 

I 

0 

- 

26713 

250 

3836.45 

I 

9439 

- 

35497 

190 

3744.00 

I 

10923 

- 

37625 

65 

3837.08 

I 

14899 

- 

40953 

140 

3746.91 

} 

170 

3841.81 

13405 

- 

39427 

1  7A 

O  1 4-0.00 

8827 

35496 

1  A(\ 
14U 

■iflAO  7  1 

} 

9329 

35345 

00 

O  1  OU.UO 

1143 

27797 

00 

5965 

31973 

250 

3753.18 

I 

695 

- 

27332 

65 

3844.08 

I 

11248 

- 

37254 

40 

3755.28 

I 

1.587 

- 

28208 

210 

3845.90 

I 

392 

- 

26386 

210 

3755.77 

} 

11248 

- 

37866 

110 

3853.38 

{ 

10923 

- 

36867 

^  A(\ 
IW 

o  /  jV.  Do 

1 

392 

26983 

00 

QQC/I  7A 

} 

11044 

36979 

A(\ 

1 1  94.8 

Oo 

0000.  lo 

0U7  i  \j 

170 

3761.13 

I 

11044 

- 

37625 

65 

3855.45 

I 

0 

- 

25930 

40 

3762.45 

I 

290 

3858.95 

I 

154 

- 

26061 

530 

3763.49 

j 

154 

- 

26718 

35 

3860.86 

} 

12358 

- 

38251 

ioU 

! 

154 

26713 

1  /in  A 

ooOz.Vo 

0 

25880 

odU 

o  1 00.  Uo 

0 

of50o.Uo 

II 
11 

oouoo 

250 

3766.13 

I 

392 

- 

26937 

3.50 

3863.38 

I 

5298 

- 

31175 

170 

3769.15 

I 

1143 

- 

27666 

65 

3865.02 

II 

13119 

- 

38984 

140 

3769.98 

{ 

12.503 

- 

39021 

3865.04 

{ 

13515 

- 

39381 

/  0 

077n  71 

} 

11248 

37761 

07n 

00^7  no 

} 

1050 

26897 

Q77A  Q7 

0,0 

007 1  1 0 

00  / 1 . ly 

VU4o 

o4oOO 

530 

3771.85 

I 

392 

- 

26897 

35 

3875.42 

[ 

12018 

- 

37815 

110 

3773.15 

I 

11044 

- 

37,540 

170 

3875.76 

I 

1143 

26937 

65 

3774.44 

5965 

- 

32452 

140 

,3876.96 

{ 

12358 

- 

.38144 

^  AC\ 
14U 

61  IT).  4o 

} 

11044 

37524 

ooU 

*3Q77  CA 
00/  (.00 

J 

1050 

26832 

0  i  /  0 .  OU 

Z  /O  14- 

QQ7Q  QO 

00/0. OZ 

oyz 

9fi  1  f\f^ 
zo  100 

50 

3777.28 

I 

2805 

— 

29272 

3878.97 

I 

1.587 

27.360 

60 

3777.67 

I 

1,5282 

_ 

41746 

65 

,3879.35 

II 

14791 

- 

40,561 

870 

3781.01 

392 

- 

26832 

670 

3883.14 

j 

695 

- 

26440 

1  1  A 

070  I  00 

0 /o  1 .00 

11 

13666 

— 

40104 

1  1  nn 
1  lUU 

0000. 44 

11525 

— 

37254 

\A(\ 

iW 

.5  /O0.o4 

1  nQ97 
lUVZo 

111  A  1 
0  /  .54-4 

A7n 

QQQC  AQ 
0000.00 

1  I  9/1  Q 
1  1Z40 

oov  i  0 

140 

3786.22 

J 

2805 

_ 

29209 

210 

3886.07 

I 

1,54 

_ 

25880 

1700 

3787.06 

1 

1,54 

- 

26552 

40 

3889.63 

I 

65 

3787. 1-8 

} 

2154 

- 

28549 

29 

3889.80 

j 

21,54 

- 

27855 

AC 

'J  7  on 

21.54 

— 

28535 

C  OA 

ooU 

■joni  OA 

695 

26386 

1  OAn 
1  .iOU 

.1  /yt).  lo 

lUou 

07,1  07 

z  /4z  i 

C  A 

00 

oono  70 

zOUO  ( 

3500 

3791.21 

I 

10,50 

27420 

50 

.3894.03 

I 

11044 

_ 

,36717 

85 

3794.47 

I 

12102 

- 

38449 

40 

3894.70 

I 

392 

- 

26061 

140 

3795.54 

{ 

170 

,3895.90 

9439 

- 

.35100 

1  1  c\ 
itU 

J 

15282 

— 

41615 

1  I  n 

ooyo.zo 

1 1 
11 

13690 

— 

39.335 

1  1  n 
1  lU 

0 1  y  0 . 0  V 

1  CQ7 

I  I  A 

'JOflO  CA 

z  lo4 

110 

3796.85 

1 

13515 

_ 

39846 

65 

.3899.25 

[ 

1,5282 

— 

40921 

2700 

3798.12 

I 

.392 

_ 

26713 

120 

.3904.18 

I 

12018 

_ 

37625 

170 

3800. 94 

[ 

9329 

- 

33631 

85 

.3906.91 

[ 

8827 

- 

34416 

1 

11044 

- 

37344 

in 

oyuo.oy 

13405 

- 

38982 

Z  iUU 

' 

OV.T 

')AnQ'l 

0 1  n 

lonQ  07 

1110 

1 14o 

0A7  1  0 
ZD  /  lo 

670 

3803.88 

1 

10,50 

_ 

27332 

65 

,3909.60 

[ 

13012 

_ 

38.583 

530 

3804.71 

1 

1 1248 

37524 

1,30 

3913.01 

I 

11318 

_ 

36867 

17292 

- 

43568 

670 

.3914.70 

j 

10923 

- 

36460 

1  l\) 

3806.20 

10923 

- 

37188 

A  Z 
00 

■jnin  ^lA 

,iy  ly.uu 

j 

9329 

- 

34838 

oO 

3806.63 

142 1 1 

40474 

00 

on  I n  1  A 

.iy  ly.  10 

1    0  c  0 

1  z.voo 

0  70/1 A 

6  /060 

670 

.3810,  19 

1 

11 525 

_ 

37761 

35 

,3919.72 

II 

13480 

_ 

38984 

530 

3811.03 

1 

1,54 

_ 

26386 

530 

3920.20 
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35 

3813.47 
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,3922.35 

12137 

- 

37625 
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3815.51 
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- 

26897 

65 

0  AO  1  AC\ 

39z4.49 

j 

12,3,58 

- 

37832 

65 

38 16.34 

1587 

27783 
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26166 

210 

3818.86 

II 

12806 

38984 

65 

,3926.61 

I 

2154 

_ 

27614 

210 

3819.15 

4998 

_ 

3 1 1 75 

1,30 

3929.29 

I 

2154 

_ 

27597 

35 

3821.19 

I 

8705 

- 

3  t868 

35 

,3931.46 

I 

9439 

_ 

34868 

670 

.'82  1.88 

695 

26832 

35 

3934. 14 

{ 

10923 

36334 

110 

3827.01 

13515 

39638 

95 

3934.41 

1143 

26552 

35 

3828.24 

II 

13666 

39780 

85 

3935.45 

I 

12137 

37540 

35 

3830.00 

8705 

34808 

60 

,39,36.45 

I 

1587 

26983 

170 

3831.84 

II 

13690 

39780 

670 

.3937.44 

1050 

26440 

35 

3833.26 

12,503 

38583 

95 

3937.96 

12137 

37524 

350 

3835.18 

0 
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170 

,3941.27 

695 

26061 
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520 

3943.67 

j 

1587 

— 

26937 

29 

4057.27 

J 

15439 

— 

40079 

12018 

37344 

Xouuu  c 

AfXZQ  QA 

4Uoo.y4 

1050 

25680 

65  d 

3949.33 

I 

74,07 

04  /  00 

210 

4059.51 

I 

lU  iZO 

o4  /  00 

3949.46 

II 

14791 

40104 

120 

4060.31 

I 

2805 

27427 

60 

3949.94 

I 

1587 

_ 

26897 

350 

4060.79 

I 

154 

_ 

24773 

65 

3952.37 

II 

13690 

— 

38984 

40 

4061.26 

10238 

— 

34854 

VD 

OVDO.UO 

11044 

- 

36334 

1  /in 

C/1 

4U0 1 .  o4 

2805 

- 

27420 

110 

3955.68 

I 

2154 

- 

27427 

85 

4064.81 

12692 

- 

37287 

65 

3959.36 

I 

12982 

_ 

38232 

85 

4066.12 

J 

11044 

_ 

35631 

35 

3960.98 

I 

13012 

_ 

38251 

170 

4067. 16 

J 

12137 

_ 

36717 

35 

3964.66 

I 

9439 

- 

34655 

210 

4068.26 

I 

10923 

- 

35496 

250 

3965.69 

I 

5965 

31175 

29 

4070.04 

I 

910  d 

3966.09 

\ 

10107 
Iz  io  ( 

0  ( i544 

140 

4070.96 

J 

1  onoo 

07C/I A 

0  /  o4U 

3966.25 

I 

2154 

27360 

40 

4072.07 

II 

13666 

38216 

65 

3970.65 

I 

2154 

_ 

27332 

85 

4073.51 

15439 

_ 

39981 

210 

3971.85 

12018 

37188 

4073.64 

J 

12982 

37524 

j 

- 

OQ71  no 

2805 

- 

27975 

OU 

4U  /o.uy 

2805 

- 

27332 

170 

3972.52 

J 

I  'loco 

75 

4077.09 

} 

1  c  /I  1 

OAAO  1 

110 

3973.62 

J 

16829 

41987 

50 

4078.35 

J 

392 

24905 

130 

3976.67 

J 

15282 

40422 

40 

4078.60 

J 

13012 

37524 

110 

,3977.94 

j 

13012 

- 

38144 

12000 

4079.73 

I 

695 

- 

25200 

1  lu 

.5y  la.  10 

} 

1,587 

- 

26713 

40 

/lAOO  70 

4Uoo. to 

{ 

1587 

- 

26067 

65 

3979.37 

12692 

0  *70  1  C 

37815 

85 

4084.18 

C  OAO 

5298 

OA77^ 

zy  /  /6 

40 

3980.48 

10.50 

26166 

270 

4084.86 

J 

1587 

26061 

35 

3982.06 

13146 

38251 

85 

4086.63 

J 

9439 

33902 

29 

.3984.81 

j 

15467 

- 

40555 

40 

4087.05 

} 

13405 

- 

37865 

ou 

11248 

- 

36334 

14U 

/I  AAA 

4uyu. Id 

12018 

— 

36460 

110 

.3988.16 

j 

16829 

41896 

50 

4095.56 

1  0  /I  AC 

13405 

0701  c 

37815 

29 

3990.67 

[ 

12137 

37188 

40  h 

4097.64 

J 

17476 

41874 

1 10 

3991.68 

[ 

50 

4098.22 

I 

13146 

37,540 

29 

3994. 13 

j 

11248 

- 

.36276 

170 

4099.07 

} 

1,54 

- 

24543 

11/1 

1 4U 

13146 

- 

38144 

A  Af\ 

44U 

A  1  /l/l  ,1 A 

41UU.4U 

,392 

- 

24773 

40 

4000.60 

11 

1 479 1 

39780 

6700 

4100.92 

392 

24770 

75 

4001, 13 

1 2358 

37344 

75 

4106. 18 

J 

9043 

33390 

29 

4002.26 

[ 

35 

4106.78 

J 

1587 

25930 

40  (1 

4005.93 

I 

40 

4109.88 

j 

5298 

- 

29623 

140 

luun.Zn 

10238 

- 

35179 

140 

,1 1 1 ,1  10 

41  1 Z .  1 0 

16829 

- 

41140 

140 

4009,71 

} 

12692 

37625 

50 

4113.35 

j 

12982 

37287 

65 

40 12.06 

1 

1 143 

2606 1 

170 

4113.94 

1 1044 

35,345 

190 

4013.27 

1 

16919 

41829 

310 

41 16.90 

0 

24283 

29 

401 1.93 

I 

12288 

- 

37188 

85 

4119.28 

11 

21073 

- 

45342 

40 

40 16.08 

1  ,'>r» 
IzO 

1 1  ,>,')  0 1 
4IZZ.0I 

11248 

- 

35496 

120 

4017.56 

j 

12982 

37866 

5300 

4123.81 

j 

154 

24397 

29 

1020.24 

75 

4125.25 

10923 

35157 

29 

1022., 39 

[ 

13012 

37866 

50 

4125. ,58 

2154 

26386 

150 

1023.14 

I 

12982 

- 

37832 

50 

4126,90 

65 

K)27.3 1 

' 

12288 

- 

37112 

85 

4127.45 

} 

16919 

- 

41140 

65 

4027.98 

13012 

37832 

670 

4129.43 

695 

24905 

29 

4029.22 

I 

770 

4129.93 

J 

40  h 

4030.35 

[ 

85 

4131.53 

J 

12137 

36334 

1 100 

4032.52 

1 

2805 

- 

27597 

170 

4134.,59 

I 

11318 

- 

3,5497 

29 

1033.20 

! 

1 143 

- 

25930 

75 

4135,42 

{ 

12692 

- 

36867 

65 

4035. 10 

13405 

38180 

2300 

4137, 10 

0 

24165 

65 

4035.93 

1 

I  .T,f,>y 

l-UZ  I  u 

75 

4137. ,59 

1  zij  10 

36180 

40  h 

4038. 18 

1 

50 

4 1.38,, 30 

J 

18036 

42194 

85 

4039.10 

' 

11525 

- 

36276 

440 

41,39,44 

j 

392 

- 

24543 

250 

4039.53 

1,3012 

- 

37761 

'17AA 
Z  /  00 

lion  71 

4ioy,  / 1 

} 

10,50 

- 

25200 

65  h 

4040.47 

j 

2154 

26897 

50 

4142,24 

11044 

35179 

4042.57 

12137 

36867 

350 

4143.21 

I 

154 

24283 

85 

4043. 16 

15282 

10009 

50 

4146.00 

J 

11044 

35157 

160 

4044.10 

I 

13146 

37866 

160 

4147.19 

I 

11,525 

3,5631 

130 

4044.71 

13515 

38232 

85 

4148.74 

8827 

32924 

170 

4049.76 

13146 

37832 

870 

41,50,12 

170 

4051.52 

9329 

34004 

120 

4152,04 

695 

24773 

35 

4056.94 

12982 

37625 

4400 

41,52.,58 

695 

24770 
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35 

4156.68 

II 

16053 

- 

40104 

290 

4270.69 

I 

9043 

- 

32452 

170 

4158.01 

12137 

- 

36180 

35 

4272.97 

I 

10923 

- 

34319 

50 

4IOU.OU 

}  . 

2805 

26832 

OA 

zy 

A  070  OA 

4/73.36 

} 

12102 

35496 

to 
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ftfi97 
00/  / 

'1991  d. 
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4163.47 

I 

2154 

- 

26166 

75 
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I 
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- 
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4400 

4163.66 

I 

154 

- 

24165 

40 

4279.71 

I 

12137 

- 

35496 

A  AAA 
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j 

392 

24397 
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160 

4/80.60 

} 

5298 

28653 
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4100.00 
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75 
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} 
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OOUlO 

0  C  AA 

4100.  lo 

ZO 
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170 

4169.57 

I 

12.358 

- 

36334 

190 

4289.44 

I 

5965 

- 

29272 

120 

4173.95 

18036 

- 
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140 
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I 

8411 

- 

31708 
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85 
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I 
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_ 
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4308.12 

I 
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_ 

32249 
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4192.07 

I 
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- 

24543 

75 

4308.69 

I 

8705 

- 
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60 
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4193.83 

8411 

— 
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j 
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— 
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4 1 V  0 .  uy 

j 

OOQQC 
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I 
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_ 

35345 

65 

4311.70 

I 

1587 

_ 

24773 

50 

4197.61 

16919 

- 

40735 

120 

4312.45 

I 

392 

- 

23574 
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/I  I  AO  r  1 

4198.01 

j 
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— 

24507 

40 

4313.88 

j 
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- 
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75 
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j 
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40 
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j 
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35 
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40 

4318.01 

1  A  '0  0  0 

10238 

0  0  OAA 

350 

4201.52 

I 

11044 

_ 

34838 

29 

4323.47 

I 

9329 

_ 

32452 

65 

4203.41 

I 

13405 

- 

37188 

350 

4326.33 

I 

9498 

- 

32605 

65 

4204.32 

I 

8827 

- 

32605 

120 

4327.38 

8705 

- 

31808 

870 

4205.31 

I 

0  AO 

z4  lo.o 

95 

4328.43 

AA,1  0 

yo4o 

0  0  1  .1  A 

0/140 

85 

4206. 13 

12692 

36460 

75 

4329.73 

1  C  A 

154 

23244 

150 

4208.16 

I 

1.54 

_ 

2,39 1 1 

390 

4331.37 

I 

4998 

_ 

28079 

85 

4212.04 

I 

12982 

- 

.36717 

29 

4,337. ,56 

I 

9498 

- 

32,546 

o  c 

85 

42  i2..i3 

10923 

- 

34655 

29 

4338,70 

J 

12137 

- 

35179 

85 
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1  'J  'loo 

OA./l  1  A 
.M)U  lo 

140 

4342.82 

1  '■)  1 0  7 
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0  c  1  c  7 
00  15  / 

40 

4213.46 

1  A  0  0  A 

loozy 

40o,^5 

95 

4345.32 

' 

A 

0 

>0  0  A  A  7 

/3()()7 

350 

4214.73 

I 

10.50 

24770 

40 

4,346. 12 

I 

8705 

3 1 708 

420 

4217.94 

• 

695 

- 

24397 

40 

4,347.31 

I 

13515 

- 
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40 

4222.68 

[ 

9.329 

- 

33004 

140 

4348.65 

j 

695 

- 

23684 

75 

4226.22 

841 1 

32066 

1 10 

A       4f\  AO 

4349.03 

I 

12358 

35345 

to 

4227,51 

9438 

33087 

40 

4350.30 

I 

8827 

3 1 808 

420 

4229.15 

I 

9498 

33 1 .36 

290 

4,351.57 

I 

8827 

31801 

170 

4229.83 

I 

2805 

- 

26440 

60 

4353.27 

I 

10,50 

- 

24015 

130 

42.30.32 

I 

12288 

- 

35920 

29 

4354. 19 

j 

11044 

- 

34004 

170 

4231.95 

392 

24015 

29 

4356.85 

} 

12982 

35928 

75 

4237.81 

1 1248 

34838 

65  c 

4359.85 

I 

9043 
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85 

4241.45 

I 

9329 

32899 

35 

4361.65 

I 

4998 

27919 

120 

4242.63 

1 

18332 

- 

41896 

40 

4,367.97 

II 

13666 

- 

36553 

130 

4246.30 

8705 

32249 

210 

4368.43 

I 

9329 

- 

32214 

29 

4248.66 

154 

23684 

24 

4369.62 

I 

695 

— 

23574 

130 

4249.46 

' 

0 

23526 

60 

4370.. 36 

I 

2805 

25680 

160 

4252.97 

1 

9498 

33004 

40 

4374.78 

I 

391 

23244 

140 

42,53.70 

I 

9043 

— 

32546 

29 

4375.25 

I 

10238 

_ 

33087 

130 

4254.69 

I 

8411 

31908 

140 

4377.96 

I 

12018 

34854 

250 

4255.44 

I 

10923 

34416 

65 

4379.52 

I 

9329 

321,56 

40 

4255.94 

' 

40 

4381. 13 

' 

13515 

36334 

85 

42.58.91 

1 

9329 

32802 

24 

4.382.49 

I 

12288 

35100 

85 

4261.71 

9043 

32.501 

35 

4,382.84 

1,587 

24397 

770 

4262.05 

10,50 

24507 

65 

4384.86 

12358 

35157 

420 

4266.02 

8705 

32140 

65 

4387.74 

4998 

27783 

85 

4268.67 

1,54 

23574 

130 

4388.36 

5298 

28079 
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160 

4392.69  I 

9329 

-  32088 

480 

4581.62 

I 

12503 

-  34323 

65 

4397.04  I 

12102 

-  34838 

75 

4582.29 

I 

5965 

-  27783 

35 

4400.35  I 

16919 

-  39638 

24 

4599.48 

I 

9439 

-  31175 

60 

4400.83  I 

12137 

-  34854 

95 

4600.21 

12503 

-  34235 

35 

4402.05  I 

19 

4602.86 

4998 

-  26718 

35 

4406.55  I 

5965 

-  28653 

1200 

4606.77 

I 

2805 

-  24507 

330 

4410.21  I 

4998 

-  27666 

24 

4608.58 

I 

13146 

-  34838 

95 

4411.52  I 

10238 

-  32899 

19 

4610.69 

I 

10923 

-  32605 

24 

4412.18  I 

8827 

-  31485 

29 

4612.12 

11248 

-  32924 

29 

4414.88  I 

9043 

-  31688 

170 

4616.17 

1587 

-  23244 

24 

4416.41  I 

12018 

-  34655 

19 

4627.48 

I 

190 

4419.44  I 

5298 

-  27919 

450 

4630.11 

I 

11525 

-  33116 

60 

4419.83  I 

2154 

-  24773 

65 

4638. 10 

I 

11248 

-  32802 

60 

4420.45  I 

2154 

-  24770 

26 

4643.31 

I 

2154 

-  23684 

95 

4420.64  I 

392 

-  23007 

65 

c 

4643.68 

11044 

-  32573 

29 

4423.87  I 

16829 

-  39427 

55 

4646.95 

I 

18332 

-  39846 

95 

4426.68  I 

5965 

-  28549 

4,50 

4648.95 

I 

1143 

-  22647 

95 

4429.44  I 

5965 

-  28535 

110 

4649.27 

I 

230  c 

4437.22  I 

35 

4658.18 

I 

5965 

-  27427 

24 

4437.90  I 

17476 

-  40003 

4,50 

4663.83 

I 

1587 

-  23023 

19 

4440.43  1 

12982 

-  35496 

26 

4665., 33 

I 

12288 

-  33717 

60 

4441.81  I 

9498 

-  32005 

340 

4666.24 

I 

11248 

-  32672 

60 

4445.85  I 

10.50 

-  23.537 

240 

4667.22 

I 

21,54 

-  23574 

75 

4446.17  I 

13146 

-  3.5631 

35 

4669.87 

I 

1 1044 

-  32452 

290 

4447.18  1 

5965 

-  28445 

580 

4672.09 

2805 

-  24203 

140 

44.56.80  I 

1 143 

-  23574 

35 

4673.59 

I 

1 8036 

-  39427 

140 

4457.42  1 

1.587 

-  24015 

5.30 

4675.37 

I 

2154 

-  23537 

60 

44.58.12  I 

13405 

-  3.5829 

110 

4678.48 

I 

8411 

-  29779 

50 

4460.20  1 

26 

4682.66 

I 

16672 

-  38021 

85 

4460.42  I 

13515 

-  35928 

320 

4685.14 

I 

11044 

-  32382 

85 

4464.15  I 

9ft05 

65 

4694.51 

I 

16981 

-  38277 

24 

4465.92  I 

10238 

-  32623 

65 

4695.47 

I 

10923 

-  32214 

24 

4466.42  1 

1143 

-  23526 

90 

4697.47 

I 

8705 

-  29987 

50 

4469.32  1 

5298 

-  27666 

1.30 

c 

4706.14 

I 

140 

4469.71  I 

12288 

-  34655 

260 

4708.29 

I 

10923 

-  32156 

140 

4471.29  1 

■  >  1  uoo 

35 

4713.05 

I 

841 1 

-  29623 

140 

4472.53  1 

21.54 

-  24507 

1,50 

47 13,. 50 

I 

2805 

-  24015 

29 

4175.28  1 

65 

4715.83 

I 

16672 

-  37871 

29 

1481.41  I 

10238 

-  32546 

65 

1718.02 

I 

19 

4492.96  11 

21040 

-  43290 

55 

4723.80 

1 

17937 

-  ,39101 

50 

4494.57  I 

OVOD 

55 

4727.33 

I 

-  32672 

19 

U97.25  I 

8827 

-  31057 

65 

47.30.31 

I 

11248 

-  32382 

75 

1499.80  1 

12102 

-  ,34319 

80 

4733.48 

' 

392 

-  21512 

150 

1503.04  1 

5298 

-  27499 

1 10 

V 

47,33.89 

9043 

-  ,30162 

24 

1503.42  I 

13146 

-  35345 

55 

4735.33 

11014 

-  321,56 

50 

1508.41  1 

1  ^VOZ 

65 

4736.49 

I 

,)o,  >o,> 

75 

4511.09  1 

1 7476 

-  39638 

65 

4740.61 

I 

5298 

-  26386 

19 

1512.13  I 

9329 

-  31485 

65 

4743.84 

I 

8705 

-  29779 

530 

4523.41  I 

1143 

-  23244 

80 

4744.62 

I 

12,3,58 

-  33428 

75 

4524.12  1 

1587 

-  23684 

220 

c 

4749.70 

I 

1 1525 

-  32573 

24 

4527.65  II 

65 

4751.42 

1  U^O  1 

24 

4529.42  I 

1 1318 

-  33390 

26 

4755.32 

I 

13146 

-  34169 

40 

1512.80  1 

0 

-  22007 

65 

4766.81 

I 

17304 

-  38277 

480 

4546.82  1 

1587 

-  23574 

35 

4771.85 

I 

9329 

-  30279 

24 

4547.85  1 

9043 

-  31026 

80 

4773.25 

I 

9043 

-  29987 

85 

4553.84  1 

OVOD 

•>-TO  ]  o 
—    Z  i  V  1 V 

21 

4777.62 

I 

1  9^0'? 
1  L'tyio 

,J,)t^O 

40 

45.56.84  I 

4998 

-  26937 

26 

4785.70 

I 

12982 

-  33872 

19 

45.59.42  I 

65 

4789.96 

11 

19690 

-  40,561 

370 

4564.53  1 

12102 

-  34004 

26 

4802.45 

I 

695 

-  21512 

24 

4570.95  ! 

12982 

-  34854 

40 

4807.06 

I 

12102 

-  32899 

720 

4573.08  1 

21,54 

-  24015 

55 

4809.37 

J 

12137 

-  32924 

19 

4574^33  I 

11044 

-  32899 

80 

c 

4810.60 

9498 

-  ,30279 

75 

4574.84  I 

154 

-  22007 

110 

48 16., 38 

11248 

-  32005 

40 

4575.37  I 

10238 

-  32088 

55 

4829., 30 

17937 

-  ,38638 

24 

4579.45  II 

13690 

-  3.5.521 

65 

4833.37 

154 

-  20838 

184 


Niobium  — all  observed  /tnes  — Continued 


Intensity 
cind 

Vj  Ildf  aClCl 

Wavelength  ^ 
in  A  ^ 

Energy  levels 
in  cm 

Intensity 

Wavelength  c 

jj,  ^  opecirum 

Energy  levels 
in  cm"' 

lb 

/I  QQ7  AO  1 

ID 

roc9  AO  1 

26 

4837.99  I 

9498 

30162 

85 

5253.93  I 

27855 

55 

4842.15  I 

12358 

33004 

50 

5269.92  I 

8827 

_ 

27797 

55 

4845.17  I 

12503 

- 

33136 

270 

5271.53  I 

1143 

- 

20107 

110  c 

4848.37  I 

9498 

— 

30117 

25 

5272.48  I 

8705 

— 

27666 

Qn 
oU 

AflAH  QQ  T 
4'OOo.W  1 

18876 

39409 

tin  ^ 
lou  c 

OZ/O.ZU  1 

9498 

28445 

90 

4890.75  I 

I  ifldd. 

I I  utt 

29  c 

5279.43  I 

Z04'04' 

55 

4892.50  I 

12018 

32452 

50 

5285.26  I 

26 

4895.58  I 

5965 

- 

26386 

35 

5296.34  I 

14211 

- 

33087 

65 

4900.79  I 

12102 

— 

32501 

50 

5315.55  I 

5965 

— 

24773 

00 

4yU4.oo  1 

0 

1 7 

CO  1 7  Al  T 
JO  1  /  . 0 1  1 

1 1044 

9Qfl46 

80 

4910.95  I 

13515 

33872 

2,50 

5318.60  I 

1587 

20384 

50 

4928.98  I 

13146 

_ 

33428 

50 

5319.49  I 

8705 

_ 

27499 

29 

4941.52  I 

12102 

- 

32333 

75 

5334.87  I 

9043 

- 

27783 

29 

4953.13  I 

9439 

- 

29623 

25 

5336.81  I 

695 

— 

19428 

oD  C 

'+VOO.O  i  1 

1  (\Wi. 
lUVZo 

0  1 U.)  / 

oU 

COACi  OA  T 

1 1U44 

zy  /oo 

130  c 

4967.78  I 

t>o  1 00 

25 

5343.58  I 

50 

4971.93  I 

0 

I 

20107 

460 

5344.17  I 

2805 

_ 

21512 

110 

4973.14  I 

12503 

- 

32605 

340 

5350.74  I 

2154 

- 

20838 

50 

4975.14  I 

12358 

- 

32452 

40 

5353.28  I 

20734 

- 

39409 

190 

/lAOO  A"?  I 

OVo 

ZU  /  o4 

25 

5355.31  1 

1  9Q  CO 

0  lUZO 

65 

4994.30  I 

40 

5355.70  I 

1  lozo 

'XC\  101 

75 

4997.88  I 

12137 

32140 

29 

5359.19  I 

8705 

27360 

85 

5000.95  I 

13146 

- 

,33136 

17 

5362.01  I 

392 

- 

19037 

65 

5002.25  I 

12102 

- 

32088 

40 

5375.27  I 

11248 

- 

29846 

A  A 

CA 1 Q   07  I 

A  A 
40 

C  oo  1    0  /!  I 

oyoa 

9/1  Q 

230 

5017.75  I 

9ni  1  A 

zuo  10 

17 

5388.30  I 

Z  /  oV  / 

40 

.5019.51  1 

12982 

32899 

21 

5395.86  I 

4998 

23526 

150 

5026.36  I 

12018 

- 

31908 

29 

5396.33  I 

8411 

- 

26937 

40 

.5030.13  I 

13515 

- 

33390 

29 

5411.24  I 

11044 

- 

29519 

O  1  A 

ZlU 

CAin  C\A  T 

lo4 

1  noA/i 

iyyy4 

zl 

0416.00  1 

1 1 1 1 0 
1  io  lo 

40 

5047.96  I 

1  A  QOO 

1 4f5yy 

,14  (U4 

65 

,5422.44  I 

loyzo 

zyoou 

170 

,5058.01  I 

0 

19765 

21 

5431.26  I 

1587 

19994 

65 

50.59.35  I 

12692 

- 

32452 

110 

5437.27  I 

5298 

- 

23684 

130 

5065.25  I 

695 

- 

20432 

19 

5448.31  I 

10923 

- 

29272 

A  A 

40 

C  A"?  "7    1  A  1 

.lU  / 1 .  40  1 

1  o/»  1  0 

Q  1  7AO 
Ol  /Do 

1  A 

ly 

o4o6.  ly  1 

OAQ  1  A 

ZOo  16 

oo6,io 

750 

5078.96  I 

1  l\Zf\ 

1 

zl)  /  o4 

40 

54.58.04  I 

OA/1  Q 

yo4o 

Z  / OOU 

40  c 

.5094.41  1 

0 

19624 

19  h 

,5468.10  I 

19994 

38277 

420 

5095.30  I 

695 

- 

20316 

40 

5481.00  I 

18036 

- 

.36276 

170 

5100.16  I 

392 

- 

19994 

13 

5483.09  I 

170 

.~>  120.30  1 

0  A'> 

WIA  1  7 

lyy  1  / 

I  A 

19 

C  1  00    .1 A  I 

5483.49  1 

07AC 

OA  AO  7 

z6yo  / 

85 

5121.80  I 

1 2982 

13 

,5491.06  I 

Z04.5Z 

0  OA  0  0 

85 

5127.66  1 

10126 

29623 

17 

,5499.. 53  I 

1587 

19765 

40 

5133.34  1 

5298 

24773 

40 

.5.504.58  I 

21,54 

- 

20316 

210 

51.34.75  I 

1.54 

- 

19624 

17 

,5,509.12  I 

13405 

- 

31.551 

75 

5140.58  1 

12692 

3z  1 40 

35  c 

c  c  1  0  0  0  I 

551z.8z  1 

75 

5147.54  I 

15282 

34704 

17 

.5517.39  I 

40 

51.50.64  I 

1 1248 

30658 

50 

,5,523.57  I 

9498 

27597 

75 

5152.63  I 

9043 

- 

28445 

25 

,5.541.47  I 

10238 

- 

28278 

250 

5 160.. 33  I 

392 

19765 

85 

,5,551.35  I 

4998 

- 

23007 

OCA 

250 

5164.38  I 

2 154 

21512 

OA 

29 

CC/IO  A  A  1 

.0563.00  1 

10238 

28208 

230 

5180.31  1 

695 

19994 

17  c 

.5571.44  I 

18332 

36276 

110 

5186.98  I 

154 

19428 

35  c 

5576.16  I 

2805 

20734 

190 

5189.20  I 

10.50 

20316 

35 

5578.29  I 

12358 

_ 

30279 

170 

5193.08  I 

1587 

- 

20838 

50 

5586.97  I 

1143 

- 

19037 

1  CA 

150 

5195.84  I 

1 143 

20384 

17  — 
17  c 

CCAA  AC  I 

ooyo.yo  1 

65 

5203.22  I 

8705 

27919 

13 

5,594.89  I 

17476 

35345 

35 

5205' 13  I 

V.)ZV 

Zo.J.j.) 

17  c 

5,599., 59  I 

85  c 

5219.10  I 

9498 

286.53 

40 

,5603., 52  I 

1587 

19428 

65 

.5225.16  I 

11.525 

30658 

13 

5603.93  I 

2154 

19994 

150 

5232.81  I 

9329 

28434 

25 

c^oo  O/;  1 
OOZO.ZO  1 

2154 

19917 

oo  c 

8411 

27499 

5629.17  I 

12358 

30117 

29 

5240.39  1 

8705 

27783 

35  c 

5635^42  I 

150  d 

5251.62  I 

0 

19037 

170 

5642.11  I 

5965 

23684 

5251.81  I 

392 

19428 

35 

.5645.30  I 

5298 

23007 

185 


Niobium— all  observed  Zines— Continued 


Intensity 

and 
Character 

Wavelength  c 

in  A  spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 

jj,  ^  spectrum 

Energy  levels 
in  cm"' 

17 

5654.14  I 

10238 

-  27919 

65 

6544.61  I 

9498 

— 

24773 

Dt)04.  /  1  1 

1143 

-  18791 

1  r 

15 

£.cn A  no  T 

6574.73  1 

8705 

23911 

170 

5665.63  I 

13012 

-  30658 

19  cv^ 

6591.00  I 

17 

5666.86  I 

15282 

-  32924 

19 

6606.16  I 

65  cw 

5671.02  I 

11345 

-  28973 

19 

6607.28  I 

13405 

- 

28535 

85 

5671.91  I 

12137 

-  29763 

35 

6614.15  I 

8411 

23526 

25 

o6 /  (.4 /  1 

5965 

-  23574 

19 

6626.98  I 

5298 

20384 

25 

5693.09  I 

210  cw 

6660.84  I 

0d.^n7 
z^ou  / 

35  d 

5697.90  I 

13629 

-  31175 

150  cw 

6677.33  I 

9043 

I 

24015 

5698.03  I 

10238 

-  27783 

65 

6701.20  I 

13515 

— 

28434 

40 

5706.16  I 

15282 

-  32802 

130  c 

6723.62  I 

8705 

— 

23574 

o  c 
o5 

CTAt  AO  T 

D/06.4O  1 

8411 

-  25930 

75 

6739.88  1 

8411 

23244 

29 

5709.33  I 

1 0.)  1  0 

25 

6795.31  I 

17 

5715.59  I 

12288 

-  29779 

85 

6828.11  I 

9043 

_ 

23684 

65 

5716.35  I 

12358 

-  29846 

25  c 

6849.35  I 

8411 

— 

23007 

25 

5725.66  I 

18036 

-  35496 

19 

6870.92  I 

1  OA 

130 

c 1  on  in  I 

1587 

-  19037 

40 

6876.36  I 

8705 

— 

23244 

21 

5737.36  I 

25  c 

6902.89  I 

13 

5738.20  I 

35 

6908.07  I 

9439 

23911 

85 

5751.44  I 

12137 

-  29519 

40 

6918.32  I 

13405 

_ 

27855 

110 

5760.34  I 

8705 

-  26061 

17 

6946.07  I 

13405 

— 

27797 

65 

5764.99  I 

12018 

-  29360 

17 

6972.49  I 

14211 

28549 

29 

5771.08  I 

1  OZoZ 

oZOUO 

25 

6986  09  I 

1  A  QOQ 

9Q9AO 
ZVZUV 

50  c 

5776.07  I 

11345 

-  28653 

85 

6990.32  I 

8705 

I 

23007 

17 

5780.34  1 

12692 

-  29987 

17  c 

6996. 1 1  I 

13629 

_ 

27919 

85 

5787.54  I 

21.54 

-  19428 

21 

7023.48  I 

14211 

- 

28445 

17 

5789.79  I 

13012 

-  30279 

17 

T/\00   A/I  T 

7038.04  1 

12692 

26897 

50 

5794.24  I 

1  on  I Q 
IZUIo 

90970 

190  c 

7046.81  I 

Q/IOQ 

ZoDO^ 

50 

■1804. 0^  1 

8705 

-  25930 

8 

7066.41  I 

12018 

26166 

29  h 

5815.33  I 

12018 

-  29209 

8 

7075.23  I 

5298 

_ 

19428 

110 

5819.43  I 

13012 

-  .30191 

40  c 

7098.94  I 

12358 

- 

26440 

35 

5820.62  I 

16829 

-  34004 

17  cw 

7102.01  I 

9498 

23574 

75 

5834.90  I 

lo  140 

19 

7119.31  I 

1  9n  1  Q 
1 ZU  lo 

ZOUO  1 

25 

5838.15  I 

11318 

-  28442 

15 

7122.95  I 

130  d 

5838.64  I 

9043 

-  26166 

35 

7126.17  I 

12137 

_ 

26166 

50 

5842.47  I 

2805 

-  19917 

17 

7130.06  I 

12692 

- 

26713 

17 

5846.09  I 

11345 

-  28445 

130 

7159.43  I 

9043 

— 

23007 

65 

5866.47  I 

DVO.T 

9'3nA7 

—   z.iUU  / 

17 

7191.37  I 

35 

5874.70  1 

9043 

-  26061 

19  c 

7208.94  I 

14211 

28079 

17 

5877.79  I 

4998 

-  22007 

50 

7252.35  I 

10126 

_ 

2,3911 

40 

5893.44  I 

14211 

-  31175 

15 

7274.81  I 

15467 

- 

29209 

190  cw 

5900.62  1 

9498 

-  26440 

13 

7317.03  I 

24905 

- 

38,568 

40  c 

5903.80  I 

1 1  0  1  ^ 

1  1  .VJ.T 

-  zoz/o 

17  c 

7.323.92  I 

1  A  QOO 

zo.o'l-y 

29 

5927.41  I 

15467 

-  32333 

29  cw 

7.328.38  I 

12288 

2,59,30 

40  c 

5934.16  I 

17476 

-  34323 

65  c 

7353.16  I 

8411 

22007 

40 

5957.70  I 

12982 

-  29763 

190  cw 

7372.. 50  I 

11.345 

- 

24905 

150 

5983.22  I 

5298 

-  22007 

13 

7419.83  I 

12692 

- 

26166 

13  146 

-  29846 

15 

7436.02  I 

O.J        t  W 

9498 

-  26166 

19 

7478.20  1 

12692 

26061 

50 

6029.75  1 

12692 

-  29272 

65 

7515.93  I 

8705 

22007 

50 

6031.84  I 

15439 

-  32013 

29  c 

7519.77  I 

13146 

- 

26440 

50 

6045.50  I 

12982 

-  29519 

170  c 

7574.58  I 

11345 

- 

24543 

uu  to.  /  z  1 

17476 

-  34004 

17  c 

7583.21  I 

1  onoo 

12982 

26166 

00 

zy 

UUiJl).l)i)  1 

15467 

-  31973 

7639.81  I 

90 

Z  7 

15439 

-  31808 

13 

7647.71  I 

24770 

37842 

40 

6142.51  1 

14899 

-  31175 

25 

7  703.. 33  I 

25200 

- 

38178 

50 

6U8.i;i  1 

13515 

-  29776 

75  c 

7726.68  I 

11345 

- 

24283 

ok) 

if  1  Of.  .)Z  1 

13405 

-  29623 

25 

7757.31  I 

25680 

38568 

OQ 
Zy 

OZ  Ki.UO  1 

15461 

-  31551 

f. 

u 

7787. 1 1  I 

8705 

-  24773 

7873.41  I 

14899 

27,597 

40  c 

6251.76  I 

18.332 

-  34323 

35 

7885.31  I 

11525 

24203 

21 

6260.77  1 

18036 

-  34004 

25 

7938.89  I 

11318 

23911 

85  c 

64,30.46  1 

5965 

-  21512 

8 

79,54.76  I 

9439 

22007 

50  c 

64.33.22  I 

5298 

-  20838 

40 

8135.20  I 

11248 

23537 

17 

6497.84  1 

4998 

-  20384 

13  cw 

8240.00  I 

8705 

20838 

186 


Niobium— all  observed  Ziraei— Continued 


Intensity 

and 
Character 

Wavelength  c 

^  °  spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  c 

^  bpectrum 

Energy  levels 
in  cm"' 

29  cw 

8320.93  I 

9498  -  21512 

17  c 

8560.54  I 

8705  -  20384 

29 

8346.08  I 

11044  -  23023 

17 

8575.87  I 

12358  -  24015 

10 

8350.04  I 

8411  -  20384 

21  c 

8697.55  I 

13012  -  24507 

17 

17  cw 

8439.77  I 
8475.98  I 

12358  -  24203 
9043  -  20838 

21 
21 

8740.96  I 

8767.97  I 

12137  -  23574 
8705  -  20107 

25 

8526.99  I 

10923  -  22647 

29  cw 

8815.56  I 

9498  -  20838 

13  c 

8547.25  I 

8411  -  20107 

35 

8905.78  I 

12018  -  23244 

187 


Osmium 

Os,Z  =  76,  M=  190.2,  Ratio  ^  =  2.993 

Lu 

Osl     Normal  state  of  valence  electrons  5c^^65^      =  0.  LP.  =  69000  cm'^. 
Os  II    Normal  state  of  valence  electrons  5c?%5  ^D4i/2  =  0. 
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Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

45 

4899.22  1 

28332  -  48737 

28 

5680.88 

34804  -  52402 

65 

4912.60  I 

12774  -  33124 

11 

5709.37 

37909  -  55419 

28 

4935.81  I 

17667  -  37922 

170 

5721.93 

I 

5144  -  22616 

28 

4942.94  I 

15391  -  35616 

8 

5737.89 

I 

17667  -  35090 

40 

4979.32  I 

16212  -  36290 

8 

5739.72 

I 

25594  -  43011 

55 

5031.83  1 

15223  -  35090 

22 

5765.05 

} 

11031  -  28372 

5039.12  I 

1890?  -  38741 

170 

5780  89 

15391  -  32685 

35 

5072^88  I 

16212  -  35920 

40 

5800.60 

I 

15223  -  32457 

35 

5074.77  I 

15391  -  35090 

8 

.5842.49 

1 

22,564  -  39675 

35 

5079.09  I 

12774  -  32457 

110 

.5857.76 

I 

15391  -  32457 

90 

5103.50  I 

8743  -  28332 

28 

,5860.64 

13020  -  30078 

55 

5110.81  I 

11031  -  .30.592 

1 1 

5889  99 

1 1378  -  28372 

22 

5122.23  I 

14848  -  34365 

11 

5903.98 

I 

19893  -  36826 

22 

5145.54  I 

18902  -  ,38331 

11 

,5906.84 

I 

19893  -  36818 

140 

5149.74  I 

15391  -  34804 

7 

,5908.95 

I 

30280  -  47199 

28 

5152.01  1 

36818  -  56223 

7 

5981.36 

18902  -  35616 

28 

5168.98  I 

38486  -  57827 

i  i 

508'^  99 

25609  -  42310 

40 

5193.52  I 

11031  -  .30280 

65 

5996.00 

I 

34365  -  51039 

270 

5202.63  I 

10166  -  29.382 

20 

6015.79 

I 

21303  -  37922 

35 

5203.23  I 

11378  -  30.592 

7 

6054.63 

I 

27351  -  43863 

20 

5250.46 

20 

6144.53 

8743  -  25013 

45 

5255.82  I 

iQinQ  -  38130 

1 1 

61 58  03 

{ 

^4804  -  51039 

55 

5265^15  I 

23323  -  42310 

35 

6227.70 

I 

32685  -  48737 

20 

5283.89  I 

19411  -  38331 

7 

6241.70 

I 

13.365  -  29382 

20 

.5295.65  I 

16212  -  .3.5090 

22 

6269.41 

I 

43012  -  58957 

40 

5298.78  I 

28332  -  47199 

11 

6274.94 

{ 

40291  -  56222 

1 3 

5302.58  I 

1941 1  -  38264 

1 1 

6986  8'^ 

18909  -  34804 

18 

.53.36.23  I 

15.391  -  34126 

9 

6.398.86 

I 

2,5602  -  41225 

11 

5346.03  I 

1  1378  -  .30078 

22 

6403.15 

I 

33124  -  48737 

13 

5352.25  1 

17667  -  ,36,346 

9 

61-48.13 

I 

41225  -  ,56729 

110 

5376.79  I 

14091  -  32685 

6 

6520.85 

} 

21303  -  36634 

1  u 

5  K)3. 13  I 

36346  -  54847 

7 

6^98  87 

91034  -  36346 

13 

.5412.14  I 

21033  -  39505 

7 

6533.14 

I 

1,5223  -  30,525 

120 

.54 16.. 34  I 

30280  -  48737 

11 

6.538., 30 

I 

14091  -  29,382 

45 

.5416.69  I 

41.59  -  22616 

11 

6576.83 

I 

1,5.391  -  .30,592 

28 

.5417.51  I 

3268.-;)  -  .)1138 

8 

66 14.. 56 

{ 

24292  -  39406 

1^ 
1 

"i.lll   W)  1 
.}'r  f  1  .  1 

,1 

66  1  T  4^^ 

4()9gi  _  =;S403 

55 

5443.31  I 

U091  -  32457 

7 

6661.81 

I 

13.365  -  28372 

22 

5446.93  I 

32685  -  510.39 

27 

6729..56 

I 

15223  -  .30078 

11 

5447.76  I 

11031  -  29.382 

18 

6791., 53 

I 

8743  -  23463 

20 

.5449.37  1 

14339  -  32685 

14 

6806.61 

{ 

15391  -  30078 

9(1 

■J><QK5  -  l?'<17 

6878  70 

14848  -  29382 

22 

5457.30  I 

5144  -  23463 

4 

6901.. 58 

I 

25602  -  40087 

28 

5170.00  1 

14848  -  33124 

11 

69.56.02 

I 

34365  -  48737 

13 

5474.-58  [ 

25602  -  13863 

6 

6984.95 

I 

16212  -  .30.525 

13 

5475.13  I 

21  124  -  39383 

15 

7060.67 

[ 

l.i223  -  29382 

0 

1  "667    —  '^^09(1 

7145  54 

15391  -  29382 

16 

.5481.85  1 

19893  -  381.30 

10 

7149.89 

I 

11031  -  2.5013 

22 

5509.33  I 

.30.592  -  18737 

4 

7184.10 

I 

38486  -  52402 

9 

5516.01  I 

28140  -  46263 

10 

7206.. 33 

[ 

8743  -  22616 

270 

5523.53  1 

29099  -  47199 

5 

7209.96 

} 

16212  -  30078 

Li 

1/.    O-l  1 

Q 

7951  16 

91303  -  35090 

9 

5549.79  I 

33124  '  511.38 

6 

7253.49 

I 

18902  -  32685 

13 

5552.88  1 

11378  -  29382 

6 

7375.07 

I 

18902  -  32457 

11 

5560.62  I 

3.5616  -  53,595 

9 

7407.95 

I 

2,3.323  -  .36818 

16 

5580.66  I 

,33124  -  510,39 

26 

7602.95 

} 

15223  -  28372 

OA 

t^c^O  111  1 

1  ■  >z.^<)      ■>,>  tit 

7701  .16 

iQ'jqi  _  98372 

8 

5600., 50  I 

36826  -  54677 

7 

7789.96 

I 

.34365  -  47199 

35 

5620.08  1 

10166  -  27954 

7 

78.52.17 

I 

15223  -  279.54 

9 

5637.41  1 

15391  -  33124 

6 

7981.20 

I 

24292  -  .36818 

22 

.5642.. 56  1 

19109  -  36826 

7 

804 1 . 29 

I 
1 

1  1  /!')  I            OO  /I  0 

28 

5645.25  I 

1  (1  1  i\tl           ')  AO  1  Q 

7 

,5648.98  I 

19109  -  .36806 

9 

5660.21  I 

26200  -  43863 

7 

5674.38  I 

18301  -  35920 
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Palladium 

Pd,Z  =  46,  M=  106.4,  Ratio  ^  =  1.674 

Lu 

Pdl     Normal  state  of  valence  electrons  'id^^^So  =  0.  LP.  =  67236  cm-i. 
Pdll    Normal  state  of  valence  electrons  4'd^^D2ii^  =  0.  l.P.=  156700  cm-^. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Pdl,     A.  G.  Shenstone,  Phys.  Rev.  36,  669  (1930). 
Pdll,    A.  G.  Shenstone,  Phys.  Rev.  32  ,  30  (1928). 


Palladium  —  alt  observed  lines 


Intensity 

and 
Character 


Wavelength 
in  A 


Spectrum 


Energy  levels 
in  cm  ~' 


Intensity 

and 
Character 


Wavelength  c 

^  bpectrum 


Energy  levels 
in  cm"' 


1  1  AA 

1 100 

0/1  /I  7  O  1 

z44  /  .y 1 

{ 

A 

u 

A  AO  9  A 

4Uoo9 

1700 

z4 /6.4z 

0 

4U3oy 

50 

z4o6.53 

TT 
11 

27094 

67299 

130 

O  /I  GO  AO 

TT 
11 

25081 

65247 

60 

2498.78 

II 

32278 

72285 

1900 

2763.09 

0 

36181 

24 

2854.58 

II 

32278 

67299 

520 

2922.49 

6564 

40771 

650 

3002.65 

6564 

39858 

45 

3009.78 

25101 

58317 

1500 

3027.91 

7755 

40771 

1100 

3065.31 

7755 

40369 

2600 

3114.04 

7755 

39858 

270 

3142.81 

25101 

.56911 

11000 

3242.70 

6.564 

37394 

2700 

3251.64 

10094 

40839 

3500 

3258.78 

10094 

40771 

460 

3287.25 

6564 

36976 

3600 

3302.13 

10094 

40369 

5000 

3373.00 

7755 

37394 

24000 

3404.58 

6564 

35928 

13000 

3421.24 

7755 

36976 

5000 

3433.45 

11722 

40839 

6400 

3441.40 

11722 

40771 

7700 

3460.77 

6.564 

3.5451 

10000 

3481.15 

10094 

38812 

2000 

3489.77 

11722 

40369 

12000 

3516.94 

77,55 

36181 

12000 

3553.08 

11722 

398.58 

4500 

3571.16 

10094 

38088 

20000 

3609.55 

7755 

35451 

20000 

3634.70 

6.564 

34069 

5500 

3690.34 

11722 

38812 

1400 

3718.91 

10094 

36976 

1500 

3799.19 

77.55 

34069 

1500 

3832.29 

10094 

.36181 

2200 

3894.20 

11722 

37394 

1500 

3958.64 

11722 

36976 

290 

4087.34 

11722 

.36181 

90 

4169.84 

10094 

34069 

2500 

4212.95  I 

11722 

- 

35451 

180 

4473.59  I 

11722 

- 

34069 

55 

h 

4788. 18  I 

34069 

- 

54948 

45 

h 

4817.51  I 

34069 

- 

54821 

35 

4875.43  I 

34069 

- 

54574 

55 

5110.81  I 

35451 

- 

55012 

75 

5117.02  I 

38812 

- 

58349 

160 

5163.84  I 

35451 

- 

54811 

55 

5234.86  I 

35928 

- 

55025 

120 

5295.63  I 

35928 

- 

54806 

18 

5312.57  I 

36181 

54998 

15 

.5345. 10  I 

39858 

58562 

35 

,5395.24  I 

39858 

58388 

55 

5542.80  I 

36976 

55012 

35 

5.547.02  I 

36976 

54998 

27 

5619.44  I 

40771 

58562 

15 

5642.69  I 

40839 

58556 

14 

5655.42  I 

40771 

58448 

75 

5670.07  I 

37394 

55025 

11 

5690. 14  I 

40839 

58408 

55 

h 

5695.09  I 

37394 

54948 

18 

5736.61  I 

37394 

54821 

23 

6774.54  I 

25101 

39858 

65 

6784.52  I 

34069 

48804 

4 

h 

6833.42  I 

40369 

54998 

11 

7016.44  1 

38088 

52336 

13 

h 

7310.06  I 

38812 

52488 

75 

7.368.12  I 

3,5451 

49020 

27 

7391.92  I 

38812 

52,336 

16 

7486.90  I 

35451 

48804 

120 

7764.03  I 

3,5928 

48804 

27 

7786.67  I 

,36181 

49020 

45 

7915.80  1 

39858 

52488 

18 

7961.08  I 

28214 

40771 

55 

8132.82  I 

25101 

37394 

45 

8,300.83  I 

36976 

49020 

9 

h 

8.353.. 58  1 

40369 

52336 

18 

h 

8,5,32.74  I 

40771 

52488 

16 

h 

8599. 10  I 

37,394 

49020 

65 

8761.35  1 

37394 

48804 

197 


Phosphorus 

P,  Z=  15,  M  =  30.9738,  Ratio  ^f-  =0.487 

P I     Normal  state  of  valence  electrons  35^3^3  4S°,/^  =  0.  LP.  =  84580  cm-i. 
PlI    Normal  state  of  valence  electrons  35^3p^ '^Po  =  0.  LP.  =  159100  cm-\ 

References 

Wavelengths: 

G.  R.  H  arrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Pi,  C.  C.  Kiess,  J.  Research  NBS  8,  393  (1932)  RP  425. 

P  I  and  P  II,    W.  C.  Martin,  J.  Opt.  Soc.  Am.  49,  1071  (1959). 


Phosphorus  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength  r- 

^  Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

340 

2135.47  I 

11362  -  58174 

220 

2534.01 

I 

18722  -  58174 

3400 

2136.18  I 

11376  -  58174 

600 

2535.65 

I 

18748  -  58174 

2600 

2149.14  I 

11362  -  57877 

380 

2553.28 

I 

18722  -  57877 

280 

2152.94  I 

18722  -  65157 

150 

2554.93 

I 

18748  -  57877 

550 

2154.08  I 

18748  -  65157 

198 


Platinum 


Pt,Z  =  78,  M=  195.1,  Ratio  7^  =  3.070 

Cu 

PtI     Normal  state  of  valence  electrons  5d%s^D3  =  0.  LP.  =  72300  cm"*. 
Pt  II    Normal  state  of  valence  electrons  5d^       1/2  =  0.  I.P.  =  149700  cm~^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Pt  I,     A.  C.  Haussman,  Astrophys.  J.  66,  333  (1927). 

J.  J.  Livingood,  Phys.  Rev.  34,  185  (1929). 
Ptil,    A.  G.  Shenstone,  Phil.  Trans.  Roy.  Soc.  (London)  [A]2  3  7,  453  (1938). 


Strong  lines  of  platinum 


Intensity 

and 
Character 

Wavelength  e 

^  bpectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

5500 

2049.37  I 

0  -  48779 

1800 

2733.96 

776  -  37342 

4400 

2032.41  I 

1800 

2997.97 

776  -  34122 

3200 

2030.63  I 

1700 

2929.79 

0  -  34122 

3200 

3064.71  I 

0  -  32620 

1600 

2705.89 

824  -  37769 

3000 

2084.59  I 

824  -  48779 

1500 

2067.50 

0  -  48352 

2800 

2659.45  I 

0  -  37591 

1500 

2174.67 

I 

2000 

2702.40  I 

776  -  37769 

1900 

2144.23  I 

0  -  46622 

4787  -  51408 
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Platinum  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  1 
in  cm 

evels 

—  1 

3200 

2030  63 

J 

40 

2674.57 

T 

6568 

_ 

43946 

4400 

2032.41 

I 

440 

2677.15 

I 

0 

37342 

5500 

2049.37 

I 

0 

- 

48779 

200 

2698.43 

I 

6140 

- 

43188 

1500 

2067.50 

I 

0 

- 

48352 

2000 

2702.40 

I 

776 

— 

37769 

3000 

2084.59 

I 

824 

48779 

1600 

2705.89 

I 

oz4 

37769 

1000 

2103.33 

J 

824 

_ 

48352 

60 

2713.13 

T 

10117 

_ 

46965 

950 

2128.61 

I 

776 

47741 

1300 

2719.04 

824 

37591 

1900 

2144.23 

I 

0 

- 

46622 

130 

2729.92 

I 

6568 

- 

43188 

II 

4787 

- 

51408 

1800 

2733.96 

I 

116 

- 

37342 

600 

2165.17 

I 

0 

46170 

70 

2738.48 

I 

10117 

46623 

1500 

2174.67 

T 

1  u 

974.7  fii 

y 

13496 

400 

2202^22 

I 

776 

_ 

46170 

80 

2753.86 

10132 

46434 

320 

2222.61 

I 

6568 

- 

51546 

200 

2754.92 

I 

10132 

_ 

46420 

150 

2249.30 

I 

0 

- 

44444 

30 

2769.84 

I 

6568 

- 

42660 

190 

2268.84 

I 

500 

2771.67 

I 

776 

36845 

280 

2274.38 

I 

776 

44730 

40 

2773.24 

T 

13496 

49545 

150 

2289.27 

I 

776 

44444 

20 

2774^00 

10132 

46170 

150 

2292.40 

I 

824 

- 

44433 

50 

2793.27 

I 

13496 

- 

49286 

240 

2308.04 

I 

6568 

- 

49881 

16 

2794.21 

II 

13311 

- 

49089 

90 

2315.50 

140 

2803.24 

I 

6140 

41803 

1  O  .  ^  7 

824 

43946 

in 

90AQ  ri 
ZoUo.  0  1 

J 

15502 

"^1  noR 

100 

2326.10 

6568 

49545 

50 

2818.25 

824 

36296 

170 

2340.18 

I 

6568 

- 

49286 

1400 

2830.30 

I 

0 

_ 

35322 

280 

2357.10 

I 

776 

- 

43188 

70 

2834.71 

I 

10132 

- 

45398 

180 

2368.28 

I 

6568 

48779 

16 

2853.11 

I 

13496 

48536 

10132 

52072 

£.0 

9000  90 
zooo.  zu 

10117 

447^n 

40 

2386.81 

776 

42660 

25 

2893.22 

15502 

50055 

120 

2389.53 

I 

824 

- 

42660 

600 

2893.86 

I 

776 

_ 

35322 

35 

2396.17 

I 

13496 

- 

55217 

300 

2897.87 

I 

824 

- 

35322 

70 

2401.87 

I 

10132 

517.52 

60 

2905.90 

I 

6568 

40970 

2403.09 

J 

6140 

47741 

1  zu 

90 1 9  9fi 
Z7  i  z.  zu 

J 

10117 

44444 

100 

2418.06 

13496 

54839 

120 

2913..54 

10132 

44444 

80 

2428.04 

I 

6568 

- 

47741 

70 

2919.34 

I 

13496 

- 

47741 

50 

2428.20 

I 

10117 

- 

51287 

30 

2921.38 

I 

6568 

- 

40788 

25 

2429.10 

I 

10132 

— 

51287 

1700 

2929.79 

I 

0 

34122 

OIQA  AO 

J 

776 

41803 

9QJ.9  7ft 

J 

30157 

64129 

650 

2440.06 

0 

40970 

30 

2944.75 

6568 

40516 

60 

24.50.97 

I 

0 

— 

40788 

25 

2959.10 

I 

15.502 

- 

49286 

440 

2467.44 

I 

0 

- 

40516 

60 

2960.75 

I 

35 

2471.01 

I 

13496 

— 

5.3953 

1800 

2997.97 

I 

776 

34122 

9 107  1 7 

99(1 
zzu 

Qnn9  97 

. 

824 

■^4199 
04 1  zz 

25 

2488.74 

II 

30 

3017.88 

13496 

46623 

200 

2490.12 

I 

824 

40970 

130 

3036.45 

I 

13496 

— 

46420 

160 

2495.82 

I 

6568 

- 

46623 

800 

3042.64 

I 

824 

- 

33681 

240 

2498.50 

I 

lib 

— 

40788 

3200 

3064.71 

I 

0 

32620 

oU 

. 

007  1  Qi. 

. 

10117 

49AA0 

rZUUU 

120 

2508.50 

130 

3100.04 

6568 

38816 

50 

2514.07 

I 

10117 

_ 

49881 

320 

3139.39 

I 

776 

_ 

32620 

60 

2515.03 

I 

10132 

- 

49881 

140 

3156.56 

I 

10132 

- 

41803 

240 

2515.58 

I 

776 

- 

40516 

120 

3200.71 

I 

13496 

— 

44730 

u.  100 

xf\  1 7n 

+U  I  i\1 

■^90 

•  JZu 

6568 

37769 

40 

2529.41 

J 

I  .)4V0 

^■^n  1 0 
.).)U  1  y 

30 

3230.29 

1  ^406 

44444 

50 

25.36.49 

I 

10132 

I 

49545 

20 

3233.42 

I 

15502 

_ 

46420 

160 

2539.20 

1 

824 

- 

40194 

20 

3250.36 

I 

18 

2549.46 

I 

13496 

- 

52708 

40 

3251.98 

I 

10132 

— 

40874 

OU 

ore.)  .)- 

. 

1  n  1 1 7 

19^^  09 

OZijO.  7Z 

J 

6140 

50 

2596.00 

J 

1  .J.>UZ 

25 

3268.42 

70 

2603.14 

I 

10132 

48536 

25 

3281.97 

I 

33681 

64141 

50 

2619.57 

I 

6568 

44730 

120 

3290.22 

I 

10132 

40516 

1100 

2628.03 

I 

776 

38816 

500 

3301.86 

I 

6568 

36845 

6568 

44444 

ou 

11 1  q  0'^ 

J 

0 

1000 

2646.89 

} 

0 

37769 

35 

3323.80 

J 

10117 

40194 

500 

2650'86 

824 

38536 

340 

3408.13 

824 

30157 

20 

2658.17 

10132 

47741 

35 

3427.93 

13496 

42660 

2800 

2659.45 

0 

37591 

60 

3483.43 

10117 

38816 
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Platinum  — all  observed  Zirees  —  Continued 


Intensity 

and 
Character 

Wavelength  c 

!  spectrum 
in  A  ^ 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

W  avelengtn 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

160 

3485.27  I 

10132 

-  38816 

12 

4520  90 

I 

37769  - 

59882 

1  OA 

oOZo.  1 L  1 

6568 

-  34122 

35 

33680  - 

55641 

70 

QAIQ  70  T 
oOoo. ly  i 

10117 

-  37591 

4552.42 

I 

70 

3643.17  I 

18567 

-  46007 

12 

4879.53 

I 

36296  - 

56784 

50 

3663.10  I 

io4^VO 

4-U  /  OO 

14 

5044.04 

t 

15502  - 

35322 

30 

5059  48 

T 

32620  - 

52379 

80 

3671,99  I 

10116 

-  37342 

35 

522 7  66 

\J^^  1  .  \3\J 

I 

13496  - 

32620 

OU 

Of-HA    (\A  T 

10132 

-  37342 

5^ 
oo 

o/;qq  qi  t 

13496 

-  40516 

40 

5301.02 

J 

36782  - 

55641 

18 

o nf\^  CO  T 

3706.53  1 

19 

5368  99 

I 

15502  - 

34122 

20 

3801.05 

19 
IZ 

J 

34122  - 

52667 

1 A 
l** 

04-  lO.il 

J 

34122  - 

52379 

80 

3818.69  I 

10117 

-  36296 

1  A 

} 

38536  - 

56784 

40 

^onn  I 

t  O  1 

34122 

-  59751 

1  in 

30157 

-  55641 

5763.57 

T 

35322  - 

52667 

35 

3948.40  1 

13496 

-  38816 

ro/in  !  o 
D<54-U.  iZ 

} 

15502  - 

32620 

1  AA 

lOU 

0A££  oi;  T 

3900. 3o  1 

lull/ 

Q 

o 

CQyI/i  OA 

20 

0 

4.01  Od.  — 

oo  (  04" 

3996.57  I 

15502 

-  40516 

7 

Oolo.o  / 

J 

110 

4118.69  I 

13496 

-  37769 

80 

4164.56  I 

10117 

-  34122 

8 

6326.58 

21967  - 

37769 

A  A 

40 

4192.43  1 

13496 

-  37342 

n 

y 

coo  /I  c 

{ 

37342  - 

52667 

18 

4327.06  1 

33680 

-  56784 

1  n 
iU 

*i7 1  A  /I  O 

0/ ID. 42 

{ 

37769  - 

52667 

18 

4391.83  I 

21967 

-  44730 

A7An  no 

37591  - 

52379 

60 

6842.60 

37769  - 

52379 

80 

4442.55  I 

10117 

-  32620 

14 

4445.55  I 

10132 

-  32620 

20 

7113.73 

18566  - 

32620 

25 

4498.76  I 

30157 

-  52379 

10 

8224.74 

21967  - 

34122 
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Potassium 


K,Z=19,        39.10,  Ratio  77- =  0.615 

Cu 

Kl  Normal  state  of  valence  electrons  3pHs^Si/2  =  0.  LP.  =  35010  cm-^. 
KlI    Normal  state  of  valence  electrons  3p^'So  =  0.  I. P.  =  256637  cm"*. 

References 

Wavelengths  and  Classification: 

P.  Risberg,  Ark.  for  Fysik  10  ,  583  (1956). 


Potassium  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

320 

4044.14 

I 

0  -  24720 

25  hi 

6911.08 

I 

12985  -  27451 

160 

4047.21 

I 

0  -  24701 

50  hi 

6938.77 

I 

13043  -  27451 

10  1 

5782.38 

I 

12985  -  30274 

18000 

7664.90 

I 

0  -  13043 

14  1 

5801.75 

I 

13043  -  30274 

9000 

7698.96 

I 

0  -  12985 
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Praseodymium 


Pr,  Z  =  59,  M=  140.9077,  Ratio  —  =  2.217 

Lu 

Pr  I     Normal  state  of  valence  electrons  4/^652  ^1°,/^  =0.  LP.  =  43730  cm-i. 
Pr  II    Normal  state  of  valence  electrons  4/^65^14  =  0.  I.P.  =  85100  cm'^. 

References 

Wavelengths: 

R.  Zalubas,  unpublished  material  (1973). 

Classification: 

Pr  I  and  Pr  ll,    (Spectrum  assignment  only) 

A.  S.  King,  Astrophys.  J.  68,  194  (1928). 

R.  Zalubas,  unpublished  material  (1973). 
Pr  I  and  II,        J.  Blaise,  J.  Verges,  J.  F.  Wyart,  P.  Camus,  and  R.  Zalubas,  unpublished  material  (1973). 
Pr  II,  N.  Rosen,  G.  R.  Harrison,  and  J.  R.  McNally,  Phys.  Rev.  60,  722  (1941). 

Molecular  Spectra: 

PrO,  W.  W.  Watson,  Phys.  Rev.  53,  639  (1938). 


Strong  lines  of  praseodymium 


Intensity 

and 
Character 

Wavelength  e 

^  spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  ^ 

^  "  spectrum 

Energy  levels 
in  cm"' 

5200 

4179.38  II 

1649 

25569 

1500 

4305.76  II 

442 

23660 

3800 

4222.98  II 

442 

24115 

1300  h 

3816.02  II 

3800 

4225.31  II 

0 

23660 

1300  c 

3918.85  II 

2998 

28509 

3400 

4062.83  II 

3403 

28010 

1300  c 

3989.69  II 

442 

25500 

3100 

3908.44  II 

0 

25578 

1300 

4044.82  II 

0 

24716 

2900 

c 

4100.71  II 

4437 

28816 

1300 

4333.97  II 

1649 

24716 

2700 

4143.12  II 

2998 

27128 

1200 

3850.79  II 

2500 

4189.48  II 

2998 

26861 

1200 

4368.33  II 

0 

22886 

2500 

c 

4206.71  II 

4437 

28202 

1200  c 

4429.13  II 

0 

22571 

2200 

4054.86  II 

1744 

26398 

4429.25  II 

2998 

25569 

2200 

4056.53  II 

5079 

29724 

1100  c 

3965.25  II 

1649 

26861 

2100 

c 

3982.05  II 

3403 

28509 

1100 

4297.76  II 

0 

23261 

1900 

4008.70  II 

5079 

30018 

1100 

4351.84  II 

1744 

24716 

1700 

c 

3877.18  II 

442 

26226 

1100 

4496.44  II 

442 

22675 

1700 

c 

4118.45  II 

442 

24716 

960 

3830.72  II 

1700 

c 

4164.19  II 

1649 

25657 

960 

3852.80  II 

1700 

4408.84  II 

0 

22675 

960 

3925.44  II 

0 

25468 

1600 

c 

3964.81  II 

442 

25657 

960 

4033.84  II 

2998 

27782 

1600 

3994.79  II 

442 

25468 

960 

4241.02  II 

4437 

28010 

1500 

c 

4141.21  II 

4437 

28578 

960 

4468.71  II 

1744 

24115 
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Praseodymium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

Intensity 

Wavelength 
in  A 

^ri*»pf  ni  in 

O^CCllUIll 

Energy  levels 
in  cm"' 

25 

OCCQ  CO 

£.000.00 

TT 
11 

OU 

IT 
11 

25 

£,0  lO.£,  I 

T 
1 

zo 

QA7/1  QQ 

oU/'+.oo 

1 

30 

2579.31 

I 

35 

3078.95 

II 

40 

h 

2598.04 

II 

110 

3082.11 

II 

25 

2608.92 

II 

30 

3084.90 

II 

II 
11 

3085.02 

II 

25 

LO .  t  0 

25 

2648.48 

II 

50 

3085.86 

JJ 

30 

2654.75 

II 

35 

3091.33 

II 

25 

2666.70 

II 

50 

3097.77 

II 

20 

2672.52 

II 

80 

3098.50 

II 

30 

OAft"^  10 

II 
11 

ACi  A 

oini  07 
oLVL.Zi 

45 

2685.70 

II 

20 

3103.11 

50 

2698.92 

II 

40 

3105.38 

II 

60 

2700.38 

II 

40 

3109.78 

I 

30 

2702.25 

II 

40 

3110.58 

II 

100 

h 

97ft7  17 

L  l\J  i  .0  t 

II 
11 

lUU 

oil  1 .04- 

20 

2714.16 

II 

30 

3114.13 

JJ 

60 

2720.17 

II 

30 

3119.03 

II 

30 

2721.90 

II 

140 

3121.58 

II 

50 

2726.50 

II 

40 

3122.96 

II 

12 

07*31  7Q 

A 161.  lo 

11 
11 

oc 
OD 

1 1  on  OA 
012V.2U 

2733.12 

II 

25 

3135.35 

}| 

2734.30 

II 

40 

3136.79 

II 

25 

2737.90 

II 

50 

3146.44 

II 

40 

2742.12 

II 

60 

3151.54 

II 

07/1/1 

II 
11 

Art 

OU 

Q  1  C  Q  OQ 

jj 

20 

0*7/1/1  00 

II 
11 

C  A 

oU 

0  1  CO  00 

60 

2760.35 

II 

85 

3158.65 

II 

50 

2769.60 

II 

140 

3163.73 

II 

50 

d 

2775.94 

II 

75 

3164.81 

II 

2776.03 

II 

97n 
2  IV 

01 /IQ  0/1 

ol0o.z4 

2778.80 

II 

25 

3169.36 

jj 

50 

2783.31 

II 

21 

3171.23 

II 

30 

2789.05 

II 

160 

3172.31 

II 

35 

2792.51 

II 

85 

3182.44 

II 

1 1 

1 1  fi 
1  lU 

Q  1  Q  1  ,10 

oiy  1.4Z 

2823.17 

II 

65 

3191.74 

j} 

20 

2824.14 

11 

200  d 

3195.99 

II 

20 

2828.29 

U 

3196.09 

II 

20 

2842.98 

I 

110 

3199.04 

II 

0  0  1  /t  n  1 
ZB44.U  1 

I  T 
11 

oU 

"3  OA/1  Ql 
ozU4.ol 

2850.62 

I 

100 

,3207.89 

JJ 

25 

2853.99 

11 

50 

,3213..58 

II 

30 

2865.64 

II 

35 

3214.42 

II 

50 

2881.60 

I 

190 

3219.48 

II 

2882.3 1 

I  r 
11 

0  c 
00 

903A  OO 

2884.89 

II 

100 

3234.27 

{} 

30 

2943.97 

II 

25 

3235.43 

II 

30 

2967.. S8 

II 

40 

3238.86 

II 

30 

2971.13 

II 

100 

3245.48 

II 

d 

29  /  1 .  40 

II 
11 

CA 
OU 

OZ  /O.OO 

2971.46 

11 

75 

,3295.52 

JJ 

50 

2984.98 

II 

25 

3296.38 

II 

30 

2986.18 

II 

25 

3,303.18 

II 

30 

2990.22 

II 

40 

33 14., 38 

II 

on 

.i0lJ.4o 

If 
11 

4U 

00O/I  CA 

.. 

oU 

3029.27 

II 

21 

3341.47 

JJ 

3032.71 

II 

40 

3.350.27 

II 

50 

3045.16 

II 

140 

33,55.67 

II 

40 

3046.79 

II 

21 

3359.26 

II 

20 

3049. 17 

I 
1 

n 

. 

80 

OU.)i> .  £.0 

1  I 

40  d 

3370  25 

{j 

40 

3062.06 

II 

40 

3372.50 

80 

3063.68 

II 

40 

3376.65 

35 

3068.66 

I 

40 

3379.76 
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Praseodymium— all  observed  lines  —  Continued 


Intensity 

and 
Character 

in  A 

Spectrum 

Energy  levels 
in  cm  ~ ' 

Intensity 

and 
Character 

vv  fi  vplpfi 0^ n     —                            p  Ti<^r(TV  IpvpI* 

.    I  ^       Spectrum             -  _i 

in  A                                                   in  pm 

35 

3383.36 

I 

25  h 

3607.81  II 

40 

3383.73 

II 

130 

3611.94  II 

40 

3388  02 

II 

25 

3612.71  II 

110 

3394  62 

11 

50 

3615  16  II 

21 

3403  56 

II 

75 

3616  66  II 

65 

3415.69 

II 

25 

3618.08  II 

65 

3418.41 

II 

25 

3619.15  II 

35 

3419.23 

II 

50 

■^691  07  IT 

21 

3421.11 

II 

65  h 

^699  ^9  TI 

40 

3427  55 

II 

25  h 

3622  64  II 

II 

3622.74  II 

85 

3430.27 

40 

3430.50 

II 

170 

3630.96           II              5855  -  33388 

21 

3431  62 

II 

25 

^6^4  47  TT 

tJUljT'.T'i  11 

85  h 

^433  50 

II 

95 

OKJOO .  ^0  11 

30 

3434.77 

II 

40 

3637  64  TT 

30 

3442.76 

II 

25 

3638.58  II 

35  h 

3447.84 

I 

95 

3641.62  II 

40 

3448. 19 

II 

65 

3643  32  TT 

40 

3449.80 

II 

£•0 

OUt'T'.OO  11 

3451 .48 

II 

100 

lUU 

out-o.oo              11                   0000        00^  1 0 

50 

3455.97 

II 

250 

3645.66  II 

25 

3460.58 

II 

250 

3646.30  II 

110 

3465.74 

II 

100 

^648  ^0  TT 

40 

^466  T\ 

IT 

^ft'iO  1  ^  TT 

OUJU.  10  11 

35 

3467  03 

II 

50 

36^1  Od  TT 

oyjot.yj^  11 

65 

3473.84 

II 

35 

3652.38  II 

50 

3487.56 

II 

50 

3657.42  II 

^4Q1  40 

T 
1 

0\3 

^fi'%fl  91  TT 

OUOO.^l  11 

25 

IT 
11 

71; 
I  0 

OKJOy.KJO  11 

25 

3494.26 

II 

40 

•^660  Oft  TT 

60 

3499.06 

II 

150  c 

3660.36  II 

50 

3499.53 

II 

100 

3661.62  II 

IT 
11 

do 

0\JU£.,0£,  11 

II 
11 

dO 

Qfi^id  fid  TT 

II 
1 1 

'If.f.'l  Id  II 
000  / .  14*  11 

25 

3537.31 

II 

95 

3667.67  II 

50  h 

3539.92 

II 

370 

3668.83  II 

35 

3542.38 

II 

11 

40 

^fiftQ  '\'{  TT 

11 

£•0 

11 

do 

•5^70  9fi  TT 

£.0 

Qt;dQ 

IT 
11 

do 

■^^71  Ql  TT 

40 

3551.33 

I 

50 

3674.14  II 

8 

3551.41 

I 

0  -  28149 

21 

3674.88  II 

25 

II 

50 

3680  00  TT 

0\JK}\J.\J\J  11 

40 

^^^^  '>d 

II 
1 1 

■iO  h 
oyi  11 

ouo  1 . 00  11 

0(J<>  1  .  (V/ 

II 
1 1 

9^; 
£,0 

■^^^ft^  9f\  TT 

OUOU.^U  11 

40 

3562.24 

II 

250 

3687.03  II 

40 

3562.. 56 

II 

150 

3687.19  II 

OiiOo.O  / 

II 
it 

1  no 

lUU 

'lAQQ  71               11                   799S  —  'id.'iOl 

11 

OU 

^fiOl  d7  TT 

£.tJ 

OO  f  \l,  .JO 

I 
1 

'^O 

'If.QI  'if,  II 
ODVO.OO  11 

50 

3S74.% 

II 

50 

3693.48  II 

25 

3575.51 

25 

3696.65  II 

to  Q 

0C77  A7 

11 

iOU 

■^AOR  rtA  TT 
oOVo.UO  11 

n 

OO  /  V .  UO 

11 

OU 

Q/;OQ  CO  TT 
oOW.OO  11 

ou  n 

Of:7Q  QA 
OO  4  V.  vo 

1 
I 

vo 

07AI    01  TT 

o/Ul.oi  11 

50  h 

3582.25 

II 

40 

3704.33  II 

200 

3584.21 

II 

230 

3706.75  II 

dn  A 

OCO7  QO 
oOo  i  .  VO 

11 

V  l\j  C 

^711   in               TT                      AAO  —  97^00 

0  C  QQ  1 

0000.04 

II 
11 

OU 

0719  00  TT 

OU 

oooy.4V 

II 

Art 
OU 

^711  97  TT 
0 / lO.Z 1  11 

25  h 

3593.00 

II 

290 

3714.05  II 

75 

3596.18 

II 

60 

3715.62  II 

75 

3600.74 

II 

95 

3716.28  II 

95 

3605.05 

II 

60 

3717.83  II 

50 

3605.96 

II 

60 

3718.03  II 
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Praseodymium  — all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

c                    Enercv  levels 
spectrum  . 

in  cm 

Intensity 

and 
Character 

vV  a  V  f*l  **  n  ut  h 

TT  0  T  ^l^lIgLll 

in  A 

F.npr£rv  lpv**l* 

Spectrum             .  _i 
in  cm 

60 

3719.42 

II 

190 

3794.93 

II 

29 

3720.28 

TT 
11 

50 

3795.77 

29 

3722.06 

II 

40 

3796.28 

jj 

40 

3723.57 

II 

680 

3800  30 

It 

75 

3725.01 

II 

95  c 

3801  35 

IT 

50 

3726.29 

II 

29 

3802.30 

11 

35 

3729.11 

TT 

11 

290 

3804.84 

50 

3729.40 

n 

60 

3806  14 

JJ 

85  c 

3730  55 

n 

140 

3809  18 

TT 

50 

3731.49 

II 

60 

3809.97 

JT 

120  c 

3733.03 

II 

390 

3811.84 

II                  0  -  26226 

210  c 

3734.41 

IT 
11 

40 

3813.89 

11               7228  -  33440 

60 

3735  28 

n 

1300  h 

3816  02 

250 

3735  76 

n 

120 

3817  66 

IT 

190 

3736.49 

n 

95 

3817.87 

IT 

410 

3739.18 

II              5854  -  32590 

680 

3818.28 

II 

150 

3740.99 

II 

40 

3818.74 

JJ 

120 

3743.98 

II 

120 

3819.14 

35 

3747.26 

II 

310 

■^891  80 

JJ 

40 

3747.47 

II 

60 

■^892  78 

JJ 

29 

3748.50 

II 

150  c 

3823.18 

II              7832  -  33981 

60 

3748.82 

II 

40 

3823.59 

II                  0  -  26146 

75 

^750  08 

II 

95 

3824  08 

II               7888  -  34031 

75 

3750  50 

11 

95  c 

3826  20 

190 

3750  98 

II 

120 

3826  67 

II              8198  -  34323 
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Rhenium 

Re 

Re,  Z  =  75,  M=  186.2,  Ratio  —  =  2.930 

Lu 

Re  I     Normal  state  of  valence  electrons  5#65^  ^821/2  =  0.  LP.  =  63530  cm"^ 
Re  II    Normal  state  of  valence  electrons  5d^6s  ^83  =  0.  LP.  =  134000  cm'^ 
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0  - 

49895 

3700 

2156.67 

0  - 

46353 

16000 

2017.87 

0  - 

49541 

3600  c 

4227.46 

18950  - 

42598 

16000  c 

3451.88 

0  - 

28962 

3400 

2139.04 

II 

10000 

2085.59 

0  - 

47932 

3400 

2176.21 

0  - 

45937 

9800 

2097.12 

0  - 

47669 

2900 

2287.51 

0  - 

43702 

8000 

3424.62 

11754  - 

40946 

2900 

2887.68 

11754  - 

46374 

5500 

2999.60 

11754  - 

45083 

2700 

2109.22 

5200  c 

2275.25  , 

II 

0  - 

43938 

2700 

2294.49 

0  - 

43569 

4900 

2167.94 

0  - 

46112 

2600 

4513.31 

20448  - 

42598 

4700 

2092.41 

II 

2500 

2428.58 

0  - 

41164 

4200 

2074.70 

0  - 

48184 

2200 

2214.58 

4200  c 

2214.26 

II 

0  - 

45148 

2200  cw 

4889. 14 

0  - 

20448 
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Rhenium— all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength 
in  A 

spectrum 

Energy  levels 
in  cm"' 

25000 

2003.53 

A 

u  — 

A  none 

180 

2381.14 

J 

1  1  7C  /I 

11(54  — 

C  0  79  O 
DO  /OO 

lOUUU 

on  17  fi7 

A 

0  - 

49541 

loU 

9'J02  Af. 

1  /I  O  1  7 

14217  - 

56160 

27000 

2049.08 

I 

0  - 

48786 

180 

2386.90 

II 

20976  - 

62859 

4200 

2074.70 

I 

0  - 

48184 

85 

2387.46 

16307  - 

58180 

3700 

2083.92 

I 

0  - 

47971 

340 

2388.57 

I 

10000 

2085.59 

A 

u  - 

170 

2389.11 

{ 

A 

u  - 

A  1  OA  A 

41  {544 

9009  A^ 

11 
11 

1 7n 

9QQA  A  O 

9800 

2097.12 

0  - 

47669 

85 

2391.28 

I 

11584  - 

53390 

2700 

2109.22 

I 

230 

2393.65 

I 

13826  - 

55590 

3400 

2139.04 

II 

320 

2394.37 

I 

11584  - 

53336 

1600 

2142.74 

II 

320 

2396.79 

I 

11584  - 

53294 

2142.97 

j 

A 

u  — 

200 

2397.31 

I 

1  c  1 

Ibloo  — 

DOOOO 

3700 

2156.67 

0  - 

46353 

75 

2398.71 

J 

16619  - 

58295 

4900 

2167.94 

I 

0  - 

46112 

75 

2398.89 

I 

3400 

2176.21 

I 

0  - 

45937 

210  d 

2400.72 

I 

15058  - 

56699 

II 

2400.89 

I 

4200  c 

2214.26 

0  - 

45148 

991 A  c:q 
1^.  Do 

9  in 

Z'fU  1 .00 

11754  - 

53379 

1700 

2226.42 

I 

0  - 

44901 

150 

2402.60 

J 

920 

2235.44 

J 

0  - 

44720 

75 

2403.04 

II 

23341  - 

64942 

440 

2255.73 

I 

11.584  - 

55902 

150 

2404.34 

860 

2256.19 

} 

0  - 

44309 

1500 

2405.06 

11754  - 

53321 

ZUUU 

0  - 

44148 

Z4UO.OU 

0  - 

41557 

2100 

2274.62 

J 

0  - 

43950 

320 

2406.70 

J 

5200  c 

2275.25 

II 

0  - 

43938 

270 

2410.37 

J 

11584  - 

53059 

1600 

2281.62 

0  - 

43815 

120 

2410.99 

I 

2900 

2287.51 

{ 

0  - 

43702 

180 

2413.22 

{ 

Z  /UU 

0  - 

43569 

1 9n 

9/11/1  t:  Q 

15770  - 

57173 

390 

2298.09 

II 

27628  - 

71128 

120 

2416.30 

I 

390 

2299.77 

117.55  - 

55224 

120 

2416.44 

J 

11584  - 

52954 

610 

2302.99 

I 

0  - 

43408 

120 

2417.66 

I 

16307  - 

57657 

680 

2.306..54 

{ 

0  - 

43342 

60 

2418.20 

II 

25988  - 

67,328 

1,5058  - 

58280 

1  /u 

9/11 Q  /in 

15770  - 

57090 

220 

23 13., 34 

J 

1200 

2419.81 

J 

0  - 

41313 

220 

2319.19 

J 

16307  - 

,59412 

170 

2421.38 

J 

15166  - 

56452 

370 

2320.16 

J 

16307  - 

59394 

300 

2421.73 

J 

14621  - 

55901 

800 

2322.49 

j 

0  - 

43044 

300 

2421.88 

I 

11.584  - 

54514 

9/19  t;A 
Z4Z.>.  OU 

1,5058  - 

56308 

270 

2334.33 

I 

1 1  '^fid.  - 

1  1  ,»0'T 

60 

2423.84 

II 

270 

2335.73 

J 

117.54  - 

54554 

60 

2425.38 

220 

2336.10 

1 

16619  - 

59412 

100 

2426.64 

J 

16328  - 

57524 

270 

2337.95 

I 

11754  - 

54514 

2500 

2428., 58 

I 

0  - 

41164 

9  ■>  1  1    7  O 

1  1  A 
111) 

9  A  9Q  A 1^ 

16307  - 

57453 

140 

2345.28 

j 

490 

2431.. 54 

J 

140 

2347.06 

[ 

11,584  - 

.54177 

420 

2432.18 

J 

117,54  - 

52857 

230 

2349.39 

[ 

14621  - 

57173 

1.50 

2432.70 

[ 

15166  - 

56260 

220  d 

2350.46 

170 

2433.28 

I 

16307  - 

57391 

£  OA 

2352.07 

11584  - 

54087 

I  AA 

0/10  9  A  1 
Z'+OO.Ol 

210  d 

23.53.95 

j 

100 

2436.05 

{ 

1  AAIQ 
1 00  IV 

.J  /  OD  i 

2354.08 

[ 

11754  - 

54221 

180 

24,38.46 

I 

1.3826  - 

54823 

250 

23.56.50 

J 

11754  - 

54177 

140 

2439.06 

I 

117.54  - 

52741 

200 

2365.32 

1 

75 

2440.41 

I 

1200 

2365.90 

0  - 

422.54 

7C 

^AAC\  CO 

570 

2.367.68 

j 

1  c  Aro 

'^7901 
0  /  ZO  1 

340  c 

2441.47 

} 

u 

'f  1/74-0 

180 

2368.53 

II 

14930  - 

57139 

230 

2442.51 

J 

15770  - 

56699 

520 

2369.27 

[ 

11755  - 

53949 

85 

2444.09 

J 

220 

2370.76 

14883  - 

57050 

250 

2444.94 

I 

11584  - 

52472 

O  1  A 

/lO 

z.iT  1.52 

11.584  - 

53738 

0  lU 

9/l/lA  OQ 

Z440.yo 

15058  - 

55912 

150 

2373.48 

14930  - 

570,50 

120 

2448.20 

320 

2375.07 

I 

14217  - 

56308 

85 

2449.03 

II 

18846  - 

59666 

150 

2375.82 

I 

11,584  - 

53662 

85 

2449.52 

II 

26237  - 

67049 

100 

2377.33 

I 

610 

2449.71 

I 

0  - 

40809 

75 

2378. ,53 

27746  - 

69776 

85 

24.50.89 

11.584  - 

52373 

370 

2379.77 

85 

24.53.14 

16619  - 

57372 

180 

2380.22 

16619  - 

58619 

200 

2455.83 

II 

14352  - 

55059 

75 

2380.89 

16,307  - 

58295 

60 

2455.99 
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Rhenium  — all  observed  /irees— Continued 


Intensity 
snd 

C  hfl  ra  Pl**r 

Wavelength 
in  A 

Snpctni  m 

Energy  levels 
in  cm"' 

Intensity 
and 

Wavelength 
in  A 

S  ni^ptrii  m 

Energy  levels 
in  cm"' 

00 

11584  - 

52218 

9cc;9  09 

14217 

53390 

390 

2461.20 

I 

11754  - 

52373 

35 

2552.73 

I 

14217 

53379 

800  c 

2461.84 

II 

150  c 

2553.59 

II 

17224 

— 

56372 

85 

2462.54 

I 

75 

2554.18 

I 

110 

2463.31 

I 

13826  - 

54410 

370 

2554.63 

II 

20463 

— 

59596 

16619  - 

57173 

9c;i;a  01 
ZDD4,.  Vo 

. 

13826 

52954 

200 

2467.57 

II 

14930  - 

55444 

1000 

2556.51 

I 

1491 7 

51191 

OOOZ  1 

120 

2467.85 

II 

26768  - 

67276 

150 

2558.06 

I 

17331 

_ 

56411 

150  c 

2469.36 

II 

18846  - 

59330 

250 

2559.08 

I 

0 

- 

39065 

60  h 

2470.05 

I 

75 

2559.71 

I 

13826 

— 

52881 

9A7n  Al 
Z't  ( U.Ol 

II 
11 

20463  - 

60927 

/  o 

. 

15770 

54823 

75 

2471.05 

II 

19140  - 

59596 

150 

2561.46 

J 

15058 

54087 

150 

2473.72 

II 

150 

2563.01 

I 

160 

2474.73 

I 

15058  - 

55454 

340 

2564.19 

I 

11584 

- 

50571 

160 

2475.17 

II 

23894  - 

64282 

75 

2565.84 

I 

21775 

— 

60737 

•J  1  700 

OD 

z DOO.  0  / 

. 

75 

2477.43 

II 

540 

2568.64 

II 

1  tooo 

ooovz 

200 

2479.02 

17331  - 

57657 

150 

2571.26 

11584 

_ 

50464 

180 

2480.82 

I 

14217  - 

54514 

370 

2571.81 

II 

14930 

- 

53802 

1200 

2483.92 

I 

117.54  - 

52001 

150 

2573.76 

I 

14217 

- 

53059 

DD.0ZO 

C  A 

OCT/I  Ol 

Zo  /4.Z  1 

1 AA1Q 

O0404 

120 

2486.78 

j 

I  1  7^4.  — 
1  1  /  0'+ 

,0  1  700 

75 

2576.32 

{ 

i  (  OO  1 

■ifil  Id 
OU  104* 

60 

2486.97 

I 

50 

2578.12 

I 

980 

2487.33 

I 

117S5  - 

51946 

150 

2579.01 

I 

15166 

- 

53929 

75 

2490.16 

II 

30982  - 

71128 

100 

2580.31 

I 

15770 

— 

54514 

0/1  no  OA 

1  — 

1  ooZD 

^  ■3090 

toU 

OQQl  AA 

ZOO  1.44 

1 1  'iftd 
1 1 004, 

=^011  1 

OUO  1  1 

150 

2495.26 

j 

1  1  OO't 

110 

2582.77 

I 

370 

2496.04 

I 

14217  - 

54268 

75 

2584.77 

I 

15166 

_ 

53842 

35 

2496.70 

I 

17331  - 

57372 

380 

2586.79 

I 

117,54 

- 

50401 

200 

2498.22 

I 

13826  - 

53843 

65 

2,587.00 

I 

13826 

- 

52469 

1  lU 

0  1(10  Q  A 

^  1  ^Qf\ 
0  1 .  jVU 

OCQ 1  10 

zoy  1.  lo 

. 

1  7'^'^  1 
I  /  o.>  1 

o.oy  1  z 

75 

2.000.31 

j 

9  9  1 — 

^9  1  d'^ 

180 

2591.59 

J 

1  1  i^iftd 

501  5Q 

140 

2.500.57 

1 

23956  - 

63935 

90  h 

2592.84 

I 

11755 

_ 

50311 

370 

2.501.72 

I 

14217  - 

,54177 

160  c 

2594.85 

I 

11584 

- 

.50110 

570 

2502.35 

II 

20976  - 

60927 

180 

2595.23 

I 

0 

- 

38521 

Z.OUl.OtJ 

1  7  99/1 

. J  / 1 oy 

1  ill 

zDVO.<+U 

. 

75 

2505.43 

1 

160 

2596.78 

I 

1 ,0  /  i\i 

•  JT-ZOO 

270 

2505.94 

I 

11754  - 

51648 

110 

2596.95 

I 

16327 

_ 

54823 

150 

2507.40 

1 

14217  - 

54087 

65 

2.597.96 

I 

1800  c 

2508.99 

I 

0  - 

39845 

290 

2.599.86 

I 

13826 

- 

.52278 

75 

25  lz..o5 

1  ,1  ^  O  1 

14dz1  - 

,o44  lU 

O.o 

zuUU.o/ 

1  /I  A9  1 
1  '+Dz  1 

75  c 

2514.51 

} 

90 

2601.87 

I 

1  OoU  / 

60 

2515.47 

I 

55 

2602., 55 

I 

120 

2516.12 

I 

117,54  - 

51486 

90 

2602.93 

I 

15770 

- 

.54177 

50 

2517.08 

I 

130 

2603.46 

I 

570 

2520.01 

A 

.jy  0  /  0 

zyu 

OAAO  on 

z6().i.oy 

} 

540 

2521.50 

j 

l  l,6zl  - 

,54z()o 

55 

2607., 32 

110 

2525^55 

1 

660 

2608., 50 

II 

14352 

52677 

60 

2526.81 

1 

13826  - 

53.390 

610  d 

2611. .54 

I 

140 

2529. .50 

I 

14217  - 

537.38 

2611.60 

I 

11,584 

- 

49863 

150 

2533.3 1 

l.>ozo  - 

^  ■)  ,>oo 
,oj/oo 

1  U) 

OAl  "i  lA 
ZD lo.  i  4 

. 

lot  (K) 

O'+U  1 0 

150 

2534. 10 

, 

14352  - 

,0,500z 

160 

2614.56 

J 

1  A  A9  1 

c  0QC7 
Ozoo  / 

370 

2534.80 

1 

1 1 754  - 

51 193 

55 

2615.68 

I 

110 

25,39.33 

1 

17.331  - 

56699 

160  c 

2616.72 

II 

18846 

- 

57050 

570 

2540.51 

I 

11,584  - 

50934 

100 

2617.11 

I 

1 10 

2543.67 

15166  - 

54467 

yu 

OA!  7  AA 

zt)l  (.44 

. 

1  AA  1  0 

iDoiy 

o4olo 

60 

2543.84 

13826  - 

5,MZb 

170 

2620.03 

J 

14Z  1  ( 

-oZo  /  0 

110 

2544'22 

I 

]f,f,]Q  — 

I  UU  I  7 

,),J 7  1  Z 

170 

2620.34 

I 

21775 

59927 

740  d 

2544.74 

I 

11.584  - 

50869 

200 

2622.76 

I 

2544.88 

I 

90 

2623.28 

I 

11754 

49863 

370 

2545.48 

} 

11754  - 

51028 

4.0 

OAOt;  f\A 

ZO/.0.U4 

11584 

49667 

1  in 

Z.j4o.  1 4 

13826  - 

53059 

55  c 

2630. 75 

j 

1.50.58 

53059 

150 

2548.88 

14621  - 

53842 

90 

263  L  57 

11,584 

49573 

60 

2549.37 

17238  - 

56452 

45 

2633.01 

15770 

53738 

160 

2550.09 

20463  - 

59666 

130 

26.33.61 

15166 

53125 
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Rhenium  — all  observed  /ines  — Continued 


Intensity 
Hnd 

Wavelength 
in  A 

opccii  UlII 

Energy  levels 
in  cm"' 

Intensity 

Wavelength 
in  A 

opcciruiii 

Energy  1 
in  cm 

evels 

-1 

ZOoo.oo 

IT 

17224 

55151 

07/1  1  07 

z  /4i.y  / 

22160 

CQA 1  Q 

550 

2636.64 

0 

37916 

65  d 

2742.74 

I 

190 

2637.01 

II 

19140 

- 

57050 

2742.86 

I 

15770 

- 

52218 

90 

2641.02 

II 

14824 

- 

52677 

90 

2743.87 

I 

16307 

- 

52741 

270 

2642.75 

I 

11754 

49583 

140 

2747.44 

I 

11584 

47971 

9f\Al  1 
Z04'  I  .  lo 

0 

37766 

Z  / OZ. 00 

J 

11584 

47QQQ 

4  loyy 

65 

2648.46 

II 

14930 

52677 

130 

2753.05 

J 

14621 

50934 

270 

2649.05 

14217 

_ 

51955 

110  h 

2753.64 

II 

19140 

- 

55444 

45 

2649.58 

I 

17238 

- 

54969 

55 

2755.21 

I 

13826 

- 

50110 

660 

2651.90 

I 

0 

37698 

55 

2757.49 

I 

o/:co  Qi 
ZOOZ.  V  1 

. 

15058 

52741 

zzU 

07CQ  nn 
Z 1 00.  UU 

. 

14621 

C  AQAQ 

ouooy 

400 

2654.12 

J 

11584 

49250 

55 

2758.71 

I 

16619 

52857 

45 

2655.18 

I 

13826 

- 

51477 

110 

2761.93 

I 

11584 

_ 

47780 

45 

2655.84 

I 

16307 

- 

53949 

90 

2763.30 

I 

11754 

- 

47932 

65 

2659.02 

I 

14621 

— 

52218 

210 

2763.79 

I 

15058 

51230 

Do 

ZOOV. {y 

. 

26349 

63935 

zUU 

Z  /OO.oV 

. 

27130 

0.1Z0c) 

45 

2660.54 

310 

2767.74 

J 

1 1584 

47704 

220 

2663.63 

I 

11755 

_ 

49286 

220 

2768.85 

I 

11754 

_ 

47860 

65 

2664.22 

I 

15770 

- 

53294 

220 

2769.32 

I 

65 

2664.81 

I 

16327 

- 

53842 

350 

2770.42 

I 

11584 

— 

47669 

bo 

Z00( .  Ij 

1  (  -JO  1 

1  7A 

0770  11 

il  16.11 

1  79'lfi 
i  i  zoo 

c  0  000 

.lOZOO 

65 

2670.24 

} 

1  1  Sfi4 

1  1  .JOT- 

75 

2111.1\ 

{ 

1  1  00  1 

53321 

110 

2670.79 

I 

14217 

_ 

51648 

90 

2778.09 

I 

160 

2671.84 

I 

117.54 

- 

49171 

75 

2778.50 

I 

14218 

50197 

75 

2672.77 

I 

180 

2781.43 

I 

14217 

— 

50159 

y4u 

/0/4..34 

n 

.)  i  00 1 

CCA 

0700  c 7 
z  loi.ol 

Ill  04" 

4/009 

160 

2677.03 

[ 

160 

2785.21 

{ 

1 T-Z  1  I 

,50110 

130 

2677.76 

I 

14621 

519,55 

55 

2786.14 

I 

21775 

_ 

57657 

130 

267')  10 

I 

15058 

- 

52373 

120 

2786.. 56 

I 

1.5058 

- 

50934 

160 

2679.91 

I 

22160 

- 

59464 

90  c 

2789.27 

I 

13826 

- 

49667 

1  OU 

Z00.4..10 

ZZ  1  uu 

•iy^  1 Z 

I  1 A 

l4u 

07AA  A,1 

z  /9U.V4 

1  T77n 

C  1  CAA 

.1  i^yu 

65 

2685.31 

{ 

220 

2791.29 

j 

1  U,JV  i 

52122 

220 

2688.. 53 

I 

15770 

_ 

529,54 

45 

2793.66 

I 

110  h 

2690.25 

I 

16307 

- 

53467 

100 

2798.10 

I 

17,331 

- 

5.3059 

45  h 

2690.79 

I 

140  h 

2800.75 

I 

7  C 

lb 

1  I  71^,1 
i  1  i  D'+ 

,lQOCO 

cc  u 
,1,1  n 

zoOz.z.i 

160 

2695.56 

} 

,)ZO,J  i 

120 

2803.28 

II 

1  '^777 
1 ,1 1  1  1 

49439 

90 

2697.26 

I 

0 

_ 

37064 

100 

2807.86 
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Rhenium  — all  observed  /me5— Continued 
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Rhodium 

Rh,  Z  =  45,        102.9055,  Ratio  ^  =  1.619 

Rhi     Normal  state  of  valence  electrons  4-d^5s*Fiii^  =  0.  LP.  =  60197  cm"'. 
Rh II    Normal  state  of  valence  electrons  4c?«  W^^O.  LP.  =  145800  cm-i. 
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27075 

60 

4851.63 

I 

240 

3922.19  I 

5658 

31147 

60 

4963.71 

11006 

31147 

2000 

3934.23  I 

5691 

31102 

60 

4977.75 

10313 

30397 

45 

3934.98  I 

14382 

39788 

40 

4979. 18 

11968 

32046 

228 


Rhodium  — all  observed  /iraes— Continued 


Intensity 

and 
Character 


Wavelength 
in  A 


Spectrum 


Energy  levels 


Intensity 

and 
Character 


Wavelength  c 

^  spectrum 


Energy  levels 


14 

5085.52  I 

70 

5090.63  I 

9221 

- 

28860 

23 

5120.69  I 

13521 

- 

33044 

19 

5130.76  ] 

14382 

33867 

60 

5155.54  ] 

11006 

30397 

14 

5157.09  I 

28543 

_ 

47928 

40 

5158.69  1 

28860 

- 

48239 

60 

5175.97  I 

28543 

- 

47857 

12 

bill .11  J 

32046 

51356 

35 

c  1  OA  in  1 

5184.19  1 

7791 

27075 

95 

5193.14  I 

28543 

_ 

47793 

16 

5206.95  I 

16 

5211.52  I 

31102 

- 

50285 

1  A 

19 

5212.73  1 

1 1968 

31147 

16 

5214.79  1 

28543 

47714 

19 

5222.66  I 

32277 

_ 

51419 

19 

5230.62  I 

32243 

- 

51356 

45 

5237.16  I 

31102 

- 

50191 

9 

5237.80  1 

14 

5269.27  1 

28860 

47832 

11 

h 

5280.12  I 

31474 

_ 

50408 

14 

5292.14  I 

12723 

- 

31614 

14 

5314.79  I 

31474 

- 

50285 

40 

h 

5329.74  1 

29105 

47862 

14 

h 

5331.08  1 

29105 

47857 

9 

5349.31  I 

29105 

_ 

47794 

130 

5354.40  I 

31614 

- 

50285 

23 

5356.47  I 

31614 

- 

50278 

45 

5379.10  1 

31614 

50199 

95 

5390.44  1 

10313 

28860 

23 

h 

5404.73  1 

29431 

47928 

60 

h 

5424.07  I 

29431 

- 

47862 

19 

5424.72  I 

11968 

- 

30397 

19 

h 

5425.45  1 

29431 

— 

47857 

12 

5439.58  I 

12723 

— 

31102 

12 

h 

5441.36 

29866 

48239 

9 

h 

5444.32  I 

29431 

- 

47794 

35 

h 

5445.23  I 

23 

h 

5468.11 

29431 

— 

47714 

35 

h 

5470.85  1 

32004 

— 

50278 

19 

5476.12 

14788 

33044 

12 

5481.42 

32046 

_ 

50285 

16 

5484.23  1 

32004 

- 

50233 

9 

5504.65  1 

32046 

— 

50208 

29 

5535.04  1 

29866 

- 

47928 

9 1 

1 
1 

Z  7000 

160 

5599.42  1 

9221 

_ 

27075 

7 

5607.71  1 

16119 

- 

33946 

16 

5608.35  1 

16121 

— 

33946 

5 

5632.77  ] 

16119 

— 

33867 

0 

dO 
tu 

.JUOU.OO 

■^1 109 

Oil 

9 

h 

5702.47  1 

33946 

51478 

6 

5727.30  1 

14788 

32243 

29 

5792.66  1 

14788 

32046 

9 

5795.79  1 

25820 

43070 

9 

5803.34  1 

25820 

43047 

40 

5806.91  1 

14788 

32004 

6 

5821.84  1 

13975 

31147 

35 

5831.58  1 

12723 

29866 

7 

con7  3  1  1 

1  AT  Ol 

10121 

OOU44 

9 

5918.54  I 

11968 

28860 

7 

5941.46  I 

31102 

- 

47928 

130 

5983.60  I 

12723 

- 

29431 

9 

5991.19  I 

14788 

- 

31474 

oo 

<iin9  79  1 

1  979*^ 

6 

6116.15  I 

13521 

I 

29866 

8 

6128.06  1 

14788 

- 

31102 

8 

6186.89  I 

16119 

- 

32277 

14 

6199.99  I 

16119 

- 

32243 

10 

AOf^^  79  1 
OZOO. / Z  J 

5 

6276.66  I 

16119 

_ 

32046 

8 

6277.46  I 

16121 

- 

32046 

6 

6293.38  I 

16119 

- 

32004 

29 

6319.53  I 

12723 

- 

28543 

12 

A/1  1/170  1 

ZooOU 

AAAA  ^ 

16 

6510.41  I 

16119 

31474 

19 

6519.70  I 

16944 

- 

32277 

9 

6627.80  I 

16018 

- 

31102 

19 

6630. 16  I 

14788 

- 

29866 

/I  A 

07A7C 

2  /U  /o 

A  1  QQ  1 

9 

6796.65  I 

35334 

50043 

13 

6827.33  I 

14788 

- 

29431 

11 

6857.68  I 

29866 

- 

44445 

20 

6879.94  I 

16944 

- 

31474 

65 

£n£C    £7  1 

o9o5.o7  1 

1  O7O0 

12/23 

07  A7  C 

27075 

8 

6972.91  I 

31474 

45812 

16 

6979.15  I 

31147 

- 

45471 

16 

7001.58  I 

16119 

- 

30397 

11 

7038.76  I 

16944 

- 

31147 

1  o 

18 

7  1  A  1    £  yl  1 

7101. o4  1 

0  Aom 

A  A  A1C 

15 

7104.45  ] 

14788 

28860 

6 

7142.55  I 

31474 

- 

45471 

9 

7219.06  I 

16018 

- 

29866 

18 

7268.18  1 

14788 

- 

28543 

35 

7270.82  1 

28543 

42293 

12 

7271.94  I 

16119 

29866 

5 

7273.03  I 

16121 

- 

29866 

9 

7375.57  I 

13521 

- 

27075 

5 

h 

7386.64  I 

32277 

- 

45812 

9 

7430.80  1 

16944 

30397 

18 

h 

7442.39  ] 

28860 

42293 

7 

7446'.  77  1 

32046 

- 

45471 

12 

7475.74  I 

31102 

- 

44475 

12 

7495.24  I 

28543 

- 

41881 

8 

7542.02  1 

36787 

50043 

]  1 

7557.67  1 

32243 

45471 

8 

7577^22  1 

32277 

_ 

45471 

11 

7690.05  I 

31474 

- 

44475 

18 

7772.90  1 

29431 

- 

42293 

29 

7791.61  1 

31614 

44445 

7R9d.  01  1 

r  loo  1 

15 

7830.05  I 

15 

7846.50  I 

16119 

- 

28860 

21 

8029.91  I 

29431 

41881 

11 

h 

8036.09  1 

32004 

44445 

29 

8045.36  I 

29866 

42293 

7 

8063.50  I 

32046 

44445 

15 

8136.20  I 

14788 

27075 

7 

h 

8193.67  I 

32243 

44445 

5 

h 

8369.67  I 

33867 

45812 

8 

8425.59  I 

33946 

45812 
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Rubidium 

Rb,Z  =  37,  M  =  85.467,  Ratio  ^  =  1.345 

Kb  I     Normal  state  of  valence  electrons  4p^5s  ^Si/2  =  0.  LP.  =  33691  cm"'. 
Kb  II    Normal  state  of  valence  electrons  4p*^  '80  =  0.  LP.  =  220105  cm-^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Rbl,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 


Rubidium  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength  o 

jj,  ^  bpectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  "  spectrum 

Energy  levels 
in  cm"' 

320 

4201.85  I 

0  -  23793 

50 

7408.17  I 

12817  -  26311 

160 

4215.56  I 

0  -  23715 

70 

7618.93  I 

12579  -  25701 

12 

h 

5648.10  I 

12579  -  30280 

110  hi 

7757.65  I 

12817  -  25704 

20 

1 

5724.45  I 

12817  -  30282 

25 

6206.31  I 

12579  -  28687 

20 

7759.43  I 

12817  -  25701 

40 

h 

6298.33  I 

12817  -  28689 

30000 

7800.23  I 

0  -  12817 

35 

hi 

7280.00  I 

12579  -  26311 

15000 

7947.60  I 

0  -  12579 

230 


Ruthenium 


Ru,  Z  =  U,  M=  101.1,  Ratio  —  =  1.590 

Ru  I     Normal  state  of  valence  electrons  4rf^5s  T5  =  0.  I. P.  =  59410  cm->. 
Ru  II    Normal  state  of  valence  electrons  4fl?^  ■*F4i/2  =  0.  LP.  =  135200  cm'^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Supplemented  by  K.  G.  Kessler  and  W.  F.  Meggers,  J.  Research  NBS  55,  97  (1955)  RP  2609. 
Classification: 

Ru  I,     K.  G.  Kessler,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  63A  (Phys.  and  Chem.),  No.  3,  213-251  (Nov.-Dec. 
1959). 

Ru  II,    A.  G.  Shenstone  and  W.  F.  Meggers,  J.  Research  NBS  61,  373  (1959)  RP  2908. 


Strong  lines  of  ruthenium 


Intensity 

and 
Character 

Wavelength  e 

^  "  spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  bpectrum 

Energy  levels 
in  cm"' 

11000 

3728.03  I 

0  - 

26816 

5400 

4554.51  I 

6545  - 

28495 

8700 

3726.93  I 

1191  - 

28015 

4900 

3428.31  I 

0  - 

29161 

8300 

3498.94  I 

0  - 

28572 

3900 

3786.06  I 

2713  - 

29119 

7600 

3798.90  I 

1191  - 

27507 

3700 

4297.71  I 

8084  - 

31346 

7600 

3799.35  I 

0  - 

26313 

3500 

3742.28  I 

2713  - 

29427 

7600 

4199.90  I 

6545  - 

30348 

3300 

3925.92  I 

0  - 

25465 

7100 

3730.43  I 

2092  - 

28891 

3100 

3417.35  I 

2092  - 

31346 

6900 

3593.02  I 

2713  - 

30537 

3100 

3634.93  I 

2092  - 

29595 

6400 

3436.74  I 

1191  - 

30280 

2800 

3745.59  I 

12207  - 

38898 

6400 

3589.22  I 

3105  - 

30959 

2600 

2083.77  I 

1191  - 

49165 

6400 

3596.18  I 

2092  - 

29891 

2400 

2076.43  I 

0  - 

48144 

6200 

3661.35  I 

1191  - 

28495 

2400 

2090.89  I 

6000 

3790.51  I 

2092  - 

28466 

2400 

4372.21  I 

7483  - 

30348 

6000 

4080.60  I 

6545  - 

31044 

2000 

4144.16  I 

8084  - 

32208 

5400 

4212.06  I 

6545  - 

30280 

1900 

4112.74  I 

8084  - 

32392 
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Ruthenium— all  obsened  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

2400 

2076.43 

0  -  48144 

65 

2515.28 

R044 

2600 

2083.77 

} 

1191  -  49165 

110 

2517.32 

II 

2400 

2090.89 

I 

55 

2517.62 

9058 



48766 

690 

2255.52 

I 

0  -  44322 

30 

2519.95 

I 

290 

2259.53 

I 

0  -  44243 

55 

2521.61 

I 

9121 

— 

48766 

780 

omo  An 
ZZ /2.U9 

J 

A            A OAAA 

0  -  43999 

oo 

28 

oc oc  ^ 1 

2525. 17 

8575 

48165 

240 

2278.19 

1191  -  45071 

75 

2526  83 

74R^ 

47047 

780 

2279.57 

I 

55 

2528.88 

I 

9073 

48604 

170 

2285.38 

I 

0  -  43743 

55 

2530.64 

I 

8044 

- 

47547 

290 

2302.54 

I 

1191  -  44608 

45 

2533.24 

I 

7483 

— 

46947 

480 

2317.80 

1191  -  44322 

1  CA 

150 

OC  O  C    C A 

2535.59 

TT 
IX 

9601 1 

uuooo 

150 

2322.01 

1191  -  44243 

45 

2541.28 

8771 

48109 

120 

2334.96 

II 

10151  -  52964 

65 

2543.25 

II 

25952 

_ 

65260 

240 

2340.69 

I 

2092  -  44801 

280 

2544.22 

I 

8575 

- 

47868 

190  h 

2342.85 

II 

10151  -  52820 

120 

2546.67 

I 

8084 

- 

47339 

190 

2349.34 

iini          A  on  A  o 

1191  -  43743 

280 

o c d r\  AO 

2549.48 

310 

2351.33 

2092  -  44608 

550 

2549.58 

'to  1 00 

170 

2357.91 

II 

9152  -  51549 

23 

2555.86 

I 

140 

2360.56 

I 

2092  -  44442 

30 

2556.00 

I 

9492 

- 

48604 

170 

2370.17 

I 

2713  -  44891 

35 

2556.31 

I 

9058 

- 

48165 

240 

2375.27 

2713  -  44801 

45 

2558.54 

A71  1^7 

80 

2'^7'i  f\'^ 

II 

11604  -  S368S 

130 

2560  26 

Q771 

A7Q1  Q 
4  (olo 

160 

2392.42 

3105  -  44891 

120 

2560.83 

I 

95 

2396.71 

II 

9152  -  50863 

110 

2563.15 

I 

8044 

- 

47047 

780 

2402.72 

II 

9152  -  50758 

28 

2564.58 

I 

9184 

- 

48165 

150 

2407.92 

II 

11304  -  52820 

55 

2566.59 

oi>  /  D 

55 

2410.89 

160 

2568  77 

1  too 

55 

2414.82 

II 

10151  -  51549 

28 

2569.74 

I 

8044 

46947 

130 

2420.82 

I 

100 

2570.97 

I 

55 

' 

2422.92 

I 

28 

2572.28 

I 

8771 

- 

47635 

45 

2429.60 

8575  -  49722 

55 

2572.41 

Wy^- 1 

fi^ 

\io 

2432.93 

6545  -  47635 

28  h 

2575  24 

4-DoOD 

30 

2447^45 

I 

9492  -  50339 

100 

2578.57 

I 

8575 

47345 

30 

24,50.58 

I 

6545  -  47339 

55 

2578.95 

I 

8575 

- 

47339 

65 

2454.92 

I 

8044  -  48766 

45 

2579.22 

I 

8044 

- 

46804 

180 

2455.53 

10151  -  50863 

100 

2579.53 

Q77  1 
o  /  /  1 

4-  ( OZO 

low 

{} 

10852  -  51549 

90 

2580.80 

QA71 

370 

2456.57 

II 

10151  -  50845 

75 

2581.14 

I 

9058 

47789 

65  h 

2458.62 

I 

7483  -  48144 

65 

2581.91 

I 

8084 

- 

46804 

55 

2462.94 

I 

8575  -  49165 

55 

2583.04 

I 

8044 

- 

46746 

85 

2464.70 

8044  -  48604 

75 

2584. 14 

} 

OC?  c 

00  (o 

A  70A0 

4  /  ZOZ 

9474  04 

} 

9fi90  -  50028 

45 

2585  74 

o0o4 

10/40 

110 

2475.41 

I 

7483  -  47868 

100 

2589.57 

I 

9184 

47789 

100 

2476.88 

I 

8044  -  48405 

65 

2590.97 

I 

7483 

- 

46067 

280 

2478.93 

II 

10852  -  51179 

170 

2591.12 

I 

8575 

- 

47157 

28 

2481.11 

29019  -  69311 

35 

2591.64 

} 

all  I 

4  /o4o 

oU 

9/1 QQ  01 

•} 

95Q?  02 

0  (  (  1 

4  Mdy 

18 

2491.78 

I 

9184  -  49304 

100 

2593.70 

I 

12817 

51360 

65 

2493.69 

II 

26109  -  66199 

no 

2594.85 

I 

6545 

- 

45071 

85 

2494.02 

I 

9058  -  49141 

45 

2597.33 

I 

9058 

- 

47547 

45 

2494.48 

}| 

11304  -  51380 

85 

2601.46 

OD 

Z4Vo.oy 

^  1  O^O           U  1  Uv^ 

75 

2605  35 

8575 

46947 

65 

2496.56 

I 

7483  -  47526 

65 

2605.86 

I 

9184 

47547 

140 

2498.42 

II 

11304  -  51317 

370 

2609.06 

I 

8084 

- 

46401 

140 

2498.57 

II 

10852  -  50863 

45 

2609.48 

I 

10624 

- 

48934 

85 

2499.78 

85 

2611.05 

9058 

AIO  A  C 

47345 

oU 

j 

830 

2612  07 

74oo 

4b  /DO 

75 

2501.48 

I 

9073  -  49037 

90 

2614.07 

I 

1 191 

39434 

55 

2501.89 

I 

9184  -  49141 

55 

2614.59 

I 

2713 

40949 

260 

2507.01 

II 

11304  -  51179 

100 

2615.09 

I 

8575 

46804 

130 

2508.27 

j 

7483  -  47339 

75 

2617.79 

} 

9620 

47809 

110 

2509.07 

on 

1  7  .  O  1 

9184 

47345 

30 

2511.56 

85 

2620.61 

8044 

46191 

110 

2512.81 

8084  -  47868 

28 

2623.83 

16191 

54292 

110 

2513.32 

11604  -  51380 

55 

2627.65 

7483 

45529 

232 


Ruthenium  —  all  observed  /i/ies— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

220 

2631.30 

I 

7483  -  45476 

90 

2753.44 

I 

55 

2631.57 

I 

9058  -  47047 

35 

2762.31 

I 

8044 

- 

44235 

45 

2632.13 

10624  -  48604 

260 

2763.42 

1191 

37367 

45 

2632.50 

8771  -  46746 

35 

2765.44 

II 

00000 

28 

2633.46 

11447  -  49409 

90 

2768.93 

II 

1  1  f,(\A 
1 10U'+ 

220 

2635.86 

I 

9620  -  47547 

35 

2774.48 

I 

170 

2636.67 

I 

12207  -  50122 

100 

2778.38 

II 

11304 

- 

47285 

90 

2638.51 

I 

9058  -  46947 

55 

2785.65 

I 

9184 

— 

45071 

75 

2639.12 

I 

9620  -  47501 

110 

2787.83 

II 

40  / 1 1 

110 

2640.33 

9184  -  47047 

35 

2792.64 

I 

'+004Z 

460 

2642.96 

I 

8575  -  46401 

140 

2802.81 

I 

8575 

- 

44243 

28 

2646.02 

I 

10624  -  48405 

35 

2806.74 

II 

21646 

- 

57263 

110 

2647.32 

9184  -  46947 

350 

2810.03 

2092 

— 

37668 

30 

2648.45 

I 

8044  -  45790 

1700 

2810.55 

1  1  Q  1 

oO  io\j 

28 

2648.78 

12207  -  49949 

55 

2812.82 

65 

2649.51 

I 

9058  -  46789 

75 

2817.09 

I 

2713 

_ 

38200 

110 

2651.29 

I 

8084  -  45790 

350 

2818.36 

I 

0 

- 

35471 

330 

2651.84 

I 

6545  -  44243 

35 

2818.95 

8771 

- 

44235 

28 

2656.25 

II 

25952  -  63588 

110 

2822.03 

I 

8084 

43509 

13 

2656.56 

I 

200 

2827.87 

I 

1191 

36543 

13 

2656.69 

I 

8771  -  46401 

400 

2829.16 

I 

6545 

41881 

45 

26.58.40 

I 

9184  -  46789 

130 

2834.00 

I 

2092 

- 

37367 

400 

2659.62 

I 

7483  -  45071 

35 

2836.57 

I 

9058 

- 

44301 

23 

2661.17 

II 

25952  -  63518 

150 

2840.54 

I 

6545 

41739 

330 

2661.61 

II 

9152  -  46711 

35 

2841.68 

II 

20515 

55695 

200 

2664.76 

I 

1191  -  38706 

75 

2843.17 

I 

9073 

_ 

44235 

30 

2667.40 

II 

26109  -  63588 

35 

2846.32 

I 

9121 

- 

44244 

35 

2667.97 

I 

9058  -  46528 

85 

2848.58 

I 

3105 

- 

38200 

55 

2673.48 

I 

9073  -  46466 

640 

2854.07 

I 

2092 

37119 

45 

2673.60 

I 

8084  -  45476 

180 

2860.02 

I 

2713 

37668 

690 

2678.76 

II 

9152  -  46471 

420 

2861.41 

I 

6545 

_ 

41483 

220 

2686.29 

I 

8575  -  45790 

550 

2866.64 

I 

2092 

- 

36965 

28 

2687.50 

II 

26109  -  63308 

85 

2868. 19 

I 

9121 

- 

43976 

30 

2688. 1 1 

I 

26118  -  63308 

110 

2868.31 

I 

2688.16 

II 

90 

2871.64 

I 

18 

2689.90 

I 

10624  -  47789 

1800 

2874.98 

I 

0 

34773 

330 

2692.06 

II 

10151  -  47285 

220 

2879.76 

I 

6545 

- 

41260 

35 

2693.29 

I 

9073  -  46191 

45 

2881.28 

I 

3105 

- 

37802 

90 

2699.88 

I 

8044  -  45071 

55 

2882.12 

II 

19379 

54065 

110 

2701.34 

I 

9184  -  46191 

130 

2883.60 

I 

2092 

36760 

110 

2702.83 

I 

8084  -  45071 

65 

2884.51 

I 

9184 

43842 

35 

2707.97 

I 

2092  -  39009 

740 

2886.54 

I 

2713 

- 

37347 

170 

2709.20 

I 

8575  -  45476 

75 

2888.00 

I 

1191 

- 

35807 

200 

2712.41 

II 

10852  -  47708 

35 

2891.65 

I 

15550 

50122 

75 

2713.19 

I 

9620  -  46466 

180 

2892.56 

I 

45 

2717.40 

I 

3105  -  39895 

75 

2896.53 

I 

3105 

37620 

23 

2718.83 

I 

55 

2898.54 

I 

8044 

_ 

42534 

690 

2719.52 

I 

7483  -  44243 

110 

2901.94 

I 

8084 

- 

42534 

90 

2721.,S6 

I 

9058  -  45790 

55 

2902.10 

I 

10624 

45071 

130 

2722.65 

I 

9073  -  45790 

18 

2903.08 

I 

9073 

43509 

75 

2724.06 

I 

9492  -  46191 

140 

2905.65 

I 

2713 

37119 

140 

2725.47 

II 

11304  -  47984 

65 

2905.83 

I 

6545 

- 

40949 

55 

2728.83 

I 

9121  -  45756 

75 

2906.32 

I 

7483 

- 

41881 

23 

2729.46 

I 

8575  -  45202 

370 

2908.88 

I 

3105 

— 

37473 

55 

2730.33 

I 

2092  -  38706 

30 

2909.22 

I 

8575 

42939 

90 

2730.93 

9183  -  45790 

35 

2913.17 

I 

11786 

46103 

45 

2733.59 

I 

9620  -  46191 

35 

2914.30 

I 

11753 

_ 

46056 

310 

2734.35 

II 

10151  -  46711 

1100 

2916.26 

I 

1191 

35471 

1800 

2735.72 

I 

0  -  36543 

28 

2917.77 

I 

8084 

42347 

170 

2739.22 

I 

8575  -  45071 

150 

2919.61 

I 

3105 

37347 

75 

2743.94 

6545  -  42978 

28 

2927.12 

14700 

48854 

130 

2744.45 

8771  -  45197 

35 

2927.54 

II 

20515 

54663 

35 

2747.97 

11604  -  47984 

35 

2939.94 

11786 

45790 

75 

2752.45 

10151  -  46471 

55 

2940.36 

7483 

41483 

75 

2752.77 

19379  -  55695 

75 

2943.92 

8575 

42534 

233 


Ruthenium  —  all  observed  /ines— Continued 


Intensity 

and 
Lharacter 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

180 

2945.67 

II 

19379  -  53317 

60 

3124.17 

2092 

-  34091 

1  Rn 

LOKJ 

9Q4fi  QQ 

Rfl84  -  49007 

1 90 

QIOC  OA 

} 

2092 

-  34072 

370 

2949.50 

I 

6545  -  40439 

90 

3132.88 

I 

10624 

-  42534 

35 

2952.50 

I 

3105  -  36965 

90 

3136.56 

I 

8044 

-  39917 

150 

2954.49 

I 

8043  -  41881 

90 

3140.97 

I 

9121 

-  40949 

75 

2958.00 

j 

8084  -  41881 

90 

3144.26 

} 

14700 

-  46495 

9Qi;q  74. 

/4-00  4'IZOU 

DU 

1  ^0  AO 
OiOU.OV 

8044 

-  39774 

75 

2961.69 

I 

11447  -  45202 

120 

3153.82 

I 

8044 

-  39742 

18 

2963.40 

II 

21246  -  54981 

60 

3158.89 

J 

9121 

-  40768 

55 

2963.72 

I 

6545  -  40277 

290 

3159.92 

I 

2092 

-  33729 

550 

2965.16 

2092  -  35807 

200 

3168.52 

11447 

-  42998 

1 70 

IJ 

OU 

^1  77  0^ 

IT 
11 

19379 

-  50845 

55 

2968.48 

10624  -  44301 

180 

3186.04 

2713 

-  34091 

85 

2968.95 

I 

8084  -  41756 

240 

3188.34 

I 

2092 

-  33447 

35 

2973.99 

I 

9492  -  43108 

240 

3189.98 

I 

2092 

-  33431 

28 

2974.34 

I 

10624  -  44235 

180 

3196.59 

I 

3105 

-  34380 

140 

2976.59 

II 

19379  -  52964 

60 

3212.97 

I 

9121 

-  40235 

550 

2976.92 

1191  -  34773 

60 

3216.52 

I 

90Q9 

ZU7Z 

-  '^'1179 

45 

2977.23 

II 

21646  -  55224 

180 

3223.27 

J 

2713 

-  33729 

75 

2979.72 

15054  -  48604 

110 

3226.37 

J 

3105 

-  34091 

II 

20515  -  54065 

100 

3227.88 

} 

8771 

-  39742 

1 0 

9070  OA 

II 
11 

99n 

OOOQ  CQ 

oZ.Zo.oo 

8044 

-  39009 

55 

2981.94 

2713  -  36239 

220 

3238.53 

I 

1400 

2988.95 

I 

0  -  33447 

120 

3241.24 

I 

9073 

-  39917 

35 

2989.66 

I 

8044  -  41483 

120 

3243.50 

I 

6545 

-  37367 

35 

2991.62 

II 

21246  -  54663 

80 

3254.54 

2713 

-  33431 

1 1  n 

DU 

lO^A  71 
OZD4.  /  1 

9058 

-  ,39774 

460 

2994.96 

I 

2092  -  35471 

280 

3260.35 

1  IQl 

—  ^IR"^^ 
O  1  ooo 

55 

2996.90 

I 

90,58  -  42416 

120  d 

3264.55 

J 

3105 

-  33729 

28 

2997.43 

I 

10624  -  43976 

3264.66 

I 

8084 

-  38706 

90 

2998.35 

{ 

120 

3266.44 

} 

10655 

-  41260 

cc 

OUU  1 .0^ 

00  /  0         '+  loo  1 

900 
ZUU 

'39AQ  91 
OZDO.  Z  1 

13646 

-  44235 

440 

3006.59 

I 

2713  -  3,5964 

200 

3273.08 

I 

fiOdd 

OOOO  1 

35 

3008.26 

[ 

9184  -  42416 

200 

3274.71 

J 

10655 

-  41183 

55 

3008.80 

I 

9121  -  42347 

100 

3277.57 

I 

14700 

-  45202 

55 

3012.92 

{ 

8575  -  417.56 

490 

3294.11 

j 

0 

-  30348 

ftOfld  —    /1 19  AO 

DU 

^9QA  1  1 

13646 

-  43976 

330 

3017.24 

I 

3105  -  36239 

60 

.3297.96 

I 

9121 

-  39434 

18 

3019.37 

J 

8771  -  41881 

370 

3301.59 

[ 

0 

-  30280 

310 

3020.88 

J 

2713  -  3,5807 

220 

3306.17 

I 

8771 

-  39009 

240 

3033.45 

I 

7483  -  40439 

60 

3315.05 

I 

8044 

-  38200 

65 

3034.06 

I 

9058  -  42007 

290 

3315.23 

I 

1191 

-  31346 

60 

3035.47 

[ 

9073  -  42007 

290 

,3316.39 

I 

1 0A9d 

—  d07Aft 

60 

3038.18 

J 

8044  -  40949 

60 

3317.89 

I 

8575 

-  38706 

200 

3040.31 

J 

1191  -  34072 

60 

3318.82 

I 

14700 

-  44823 

3318.91 

I 

9620 

-  39742 

220 

3042.48 

{ 

3105  -  3,5964 

00 

.iU4Z.O.T 

1U0,T.T   -  4o,TlU 

1  HA 

oOiio. UU 

3105 

-  33172 

110 

3045.71 

j 

9184  -  42007 

40 

.3,332.05 

J 

o  loiSo 

—  OlOoo 

60 

3048.50 

J 

7483  -  40277 

120 

3335.69 

[ 

11786 

-  41756 

110 

3048.78 

J 

2092  -  34882 

930 

3339.55 

I 

8771 

-  38706 

150 

30,54.94 

8044  -  40768 

240 

3341.66 

9121 

-  39037 

390 

oUd4.o4 

ylZl  -  41/ oV 

00 

OOAA  CO 

o,544.0o 

0 

-  29891 

90 

3068.26 

{ 

200 

3361.15 

I 

1  70/1 A 
1  /040 

/I  A7Q0 

90 

3073.34 

[ 

11447  -  43976 

60 

3362.00 

J 

11447 

-  41183 

90 

3080.90 

J 

11786  -  44235 

370 

3368.45 

I 

2713 

-  32392 

60 

3086.07 

j 

11447  -  43842 

100 

3371.86 

J 

9058 

-  38706 

1  m 

Q  1  0  1           1  1  /I  Q 1 

y  1  z  1  —  4 1 4o,3 

loO 

oo  1 

8044 

-  37668 

120 

3089.80 

[ 

8084  -  40439 

120 

3378.02 

0 

-  29595 

60 

3090.23 

J 

17097  -  49448 

100 

3379.60 

J 

10655 

-  40235 

60 

3091.87 

J 

2713  -  3,5047 

130 

3380.18 

J 

8044 

-  37620 

330 

3096.57 

I 

12207  -  44492 

1,30 

3385. 14 

I 

12207 

-  41739 

120 

3097.60 

10624  -  42897 

130 

3388.71 

11447 

-  40949 

830 

3099.28 

1191  -  33447 

100 

3389.50 

2713 

-  32208 

740 

3100.84 

1191  -  33431 

60 

3391.89 

14828 

-  44301 

90 

3110.55 

9121  -  41260 

370 

3392.54 

0 

-  29468 

234 


Ruthenium  —  all  observed  /iree5  — Continued 


Intensity 

and 
Character 

Wavelength  c 

jj,  ^  spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

jj,  ^  Spectrum 

Energy  levels 
in  cm"' 

310 

3401.74  I 

9620 

39009 

40 

3638.02  I 

15054  - 

42534 

310 

OyiAA  no  T 

8044 

37367 

onn 

QA/IA  A/1  T 

004U.t)4  1 

12817  - 

40277 

190 

3411.64  I 

8044 

37347 

170 

3646.11  I 

12817  - 

40235 

3100 

3417.35  I 

2092 

— 

31346 

290 

3650.32  I 

8084  - 

35471 

70 

3420.08  I 

11786 

- 

41017 

60 

3652.32  I 

2713  - 

30085 

4900 

3428.31  I 

0 

29161 

310 

3654.40  I 

16240  - 

43597 

130 

3428.63  1 

1191 

30348 

C  A 

50 

OAAA  Ol  T 
001)1). ol  i 

16240  - 

43549 

190 

3429.54  I 

1  nft9d 

■^0774. 

6200 

3661.35  I 

1101  - 

117  1 

490 

3430.77  I 

2713 

_ 

31853 

830 

3663.37  I 

7483  - 

34773 

100 

3432.21  I 

9073 

_ 

38200 

650 

3669.49  I 

12207  - 

39451 

310 

3432.74  I 

9121 

38243 

240 

3678.32  I 

2713  - 

29892 

lyu 

o4oo.zo  1 

10624 

39742 

A  C 

45 

OAOC  AC  T 

13646  - 

40768 

160 

3435.19  I 

260 

3696.59  I 

10ft9d  - 

■37AA0 

0  (  uuo 

6400 

3436.74  I 

1191 

30280 

110 

3697.76  I 

8771  - 

35807 

260 

3438.37  I 

8044 

— 

37119 

130 

'3700.99  I 

17097  - 

44109 

220 

3440.20  I 

7483 

— 

36543 

27 

3702.24  I 

8044  - 

35047 

lou 

0  A  AO  C\C  1 

11447 

40433 

1  1  A 

O  7  1  O   O  A  T 

3712.30  i 

17046  - 

43976 

100 

3452.90  I 

9009 

1  Odd 
J  1U44 

55 

3715.56  I 

VUDo 

70 

3456.62  I 

15054 

43976 

110 

3716.18  I 

6545  - 

33447 

70 

3463.14  I 

2092 

_ 

30959 

410 

3717.00  I 

8575  - 

35471 

260 

3473.75  I 

10655 

- 

39434 

260 

3719.33  I 

17097  - 

43976 

z4U 

0  /I  O  1    Q  A  T 

8044 

36760 

170 

3724.97  I 

8044  - 

34882 

130 

3483.16  I 

1  1  Q  1 
1  IV  1 

0QQ09 

55 

3725.49  I 

1  Woo  — 

0000  / 

130 

3483.29  I 

1191 

29891 

550 

3726.10  I 

12207  - 

39037 

130 

3494.25  I 

9058 

_ 

37668 

8700 

3726.93  I 

1191  - 

28015 

130 

3495.97  I 

8771 

- 

37367 

11000 

3728.03  I 

0  - 

26816 

O  0  AA 

0  A  AO  A.1  1 

0 

28572 

7100 

3730.43  1 

2092  - 

28891 

70 

3502.42  I 

OO  /  o 

5  7  1  1  Q 

o  / 1  ly 

85 

3732.03  I 

1  QA/1 A 

10040  — 

/I  A/1  00 

4u4oo 

640 

3514.49  I 

2092 

30537 

85 

3733.05  I 

9184  - 

35964 

330 

3519.64  I 

1191 

_ 

29595 

280 

3737.40  I 

9058  - 

35807 

200 

3528.68  I 

2713 

- 

31044 

55 

3737.74  I 

9492  - 

36239 

1  0  A 

130 

3531.39  i 

9058 

— 

37367 

45 

3738.63  1 

13699  - 

40439 

240 

3532.81  I 

14  /UU 

A  OQQQ 

110 

3738.91  I 

1  AO/1  A 

A  0O7Q 

4zy  /  0 

100 

3535.37  I 

1191 

29468 

410 

3739.46  I 

13699  - 

40433 

130 

3535.83  1 

9073 

37347 

3500 

3742  28  I 

2713  - 

29427 

390 

3,537.95  I 

2092 

- 

30348 

870 

3742.78  I 

15550  - 

42261 

"7  A  A 

790 

0  C  OA    0  "7  T 

2713 

- 

30959 

OOA 

280 

0  7/1  /i    OO  I 

8771  - 

3,5471 

200 

3541.63  I 

AC/1  C 

d4  (  /o 

410 

3744.40  I 

1  AO/1  A 

loz4U  — 

A  onon 

4zyoy 

130 

3550.27  I 

2092 

30250 

2800 

3745.59  I 

12207  - 

38898 

130 

3553.85  I 

11786 

39917 

760 

3753  54  I 

12817  - 

39451 

100 

3556.63  I 

11786 

- 

39895 

310 

3755.09  I 

9184  - 

35807 

130 

3564.56  I 

9073 

- 

37119 

870 

3755.93  1 

12817  - 

39434 

130 

3567.16  I 

1  0  A  0 ,1 

13982 

42007 

1200 

3759.84  I 

7  /I  OO 

7483  - 

34072 

690 

3570.59  I 

15550 

43549 

370 

3760  03  I 

3105  - 

29694 

200 

3574.58  I 

8575 

36543 

600 

3761,51  I 

13699  - 

40277 

70 

3579.77  I 

2092 

- 

,30018 

600 

3767.35  I 

13699  - 

40235 

390 

3587.20  I 

16240 

- 

44109 

55 

3773.17  I 

10624  - 

37119 

6400 

3589.22  I 

3105 

309,59 

1500 

Sm.S9  I 

3105  - 

29570 

6900 

3593.02  I 

2713 

30537 

150 

3778,70  I 

12817  - 

39273 

6400 

3596.18  I 

2092 

29891 

460 

3781,18  I 

20056  - 

46495 

1300 

3599.76  I 

8771 

- 

36543 

600 

3782,74  I 

27289  - 

53718 

130 

3605.64  I 

9620 

- 

37.347 

3900 

3786,06  I 

2713  - 

29119 

100 

3608.73  I 

9058 

36760 

6000 

3790,51  I 

2092  - 

28466 

60 

9121 

36760 

240 

3794,92  I 

16191  - 

42534 

100 

3619.20  I 

12817 

40439 

9620  - 

35964 

60 

3620.28  I 

13646 

- 

41260 

85 

3795,18  I 

10624  - 

36965 

60 

3623.64  I 

10655 

- 

38243 

760 

3798.05  1 

3105  - 

29427 

350 

3625,20  I 

i0('.24 

382^1 

7600 

3798.90  I 

1191  - 

27507 

•J  A  Oft  74.  I 

17097 

44662 

7600 

3799.35  I 

0  - 

26313 

13699 

41260 

310 

3800  96  T 

8575  - 

34882 

180 

3631.71  I 

6545 

34072 

85 

3803.20  I 

20242  - 

46528 

85 

3633.92  I 

17097 

44608 

310 

3808.68  I 

14700  - 

40949 

3100 

3634.93  1 

2092 

29595 

600 

3812.72  I 

12817  - 

39037 

120 

3635.52  I 

9620 

37119 

150 

3814.86  I 

15054  - 

41260 

210 

3637.47  1 

13699 

41183 

760 

3817.27  I 

15550  - 

41739 

235 


Ruthenium  —  all  observed  Zmes— Continued 


Intensity 

and 
Character 

Wavelength  c 

.    !  "  bpectrum 
in  A  ^ 

Energy  levels 
in  cm  ' 

Intensity 

and 
Character 

Wavelength  c 

.    f  "  Spectrum 

Energy  levels 
in  cm"' 

760 

3819.03  I 

2713  -  28891 

55 

3993.53  I 

9058  - 

34091 

55 

3819.77  I 

11447  -  37620 

280 

3995.98  I 

9073  - 

34091 

650 

3822.09  I 

16191  -  42347 

27 

3996.51  I 

9058  - 

34072 

550 

3824.93  I 

10624  -  36760 

140 

4005.64  I 

8771  - 

33729 

130 

3828.71  I 

8771  -  3488/ 

85 

4006.60  1 

Qi9n  - 

760 

3831.80  I 

12207  -  38297 

55 

4007.54  I 

14827  - 

39774 

220 

3835.05  I 

14700  -  40768 

85 

4008.27  I 

13646  - 

38587 

310 

3838.07  I 

8044  -  34091 

85 

4013.50  I 

7483  - 

32392 

930 

3839.70  I 

12207  -  38243 

55 

4021.00  1 

15054  - 

39917 

150 

3840.82  I 

8044  -  34072 

1500 

4022.16  1 

85 

3843  16  I 

3105  -  29119 

600 

4023.83  I 

1191  - 

26036 

480 

3846.68  I 

9058  -  35047 

85 

4031.00  I 

6545  - 

31346 

760 

3850.43  I 

7483  -  33447 

150 

4032.20  I 

2713  - 

27507 

130 

3852.14  I 

17046  -  42998 

40 

4037.74  I 

9620  - 

34380 

480 

3856.46  I 

2092  -  28015 

310 

4039.21  I 

1 4700  — 

^041^1 

Oy^o  I 

1300 

3857.55  I 

14700  -  40616 

35 

4040.48  I 

22519  - 

47262 

220 

3860.72  I 

15054  -  40949 

170 

4045.76  I 

17046  - 

41756 

650 

3862.69  I 

17097  -  42978 

65 

4049.41  I 

15054  - 

39742 

130 

3865.40  I 

9184  -  35047 

1400 

4051.40  I 

8771  - 

33447 

1300 

3867.84  I 

6545  -  32392 

170 

4052.20  I 

yuoo  — 

Q  Q7OQ 

3873  59  I 

9073  -  34882 

710 

4054  05  I 

8771  - 

33431 

35 

3876.08  I 

13982  -  39774 

55 

4062.85  I 

20056  - 

44662 

100 

3882.01  I 

2713  -  28466 

120 

4062.99  I 

13982  - 

38587 

130 

3884.02  I 

14700  -  40439 

110 

4064. 10  I 

9492  - 

34091 

100 

3884.68  I 

13699  -  39434 

370 

4064.46  I 

00/0 

00 1  /  Z 

100 

3887.77  I 

1S0S4  -  40768 

200 

4067.61  I 

16191  - 

40768 

150 

3890^20  I 

9184  -  34882 

760 

4068.37  I 

14700  - 

39273 

65 

3891.41  I 

16191  -  41881 

150 

4071.40  I 

13646  - 

38200 

650 

3892.21  I 

8044  -  33729 

200 

4073.00  I 

9184  - 

33729 

35 

3892.77  I 

20242  -  45923 

980 

4076.73  I 

yuoo  - 

ooooU 

00 

1 1447  -  371 19 

6000 

4080.60  I 

6545  - 

31044 

100 

3897.24  I 

9121  -  34773 

75 

4082.79  I 

11753  - 

36239 

100 

3898.36  I 

8084  -  33729 

310 

4085.43  I 

16713  - 

41183 

150 

3901.24  I 

1191  -  26816 

110 

4091.06  I 

17046  - 

41483 

130 

3908.76  I 

14700  -  40277 

110 

4097.03  I 

Qnn  1 

oil  I  J, 

1  uu 

^900  08  I 

13699  -  39273 

930 

4097.79  I 

9184  - 

33580 

100 

3912.11  I 

9492  -  35047 

75 

4100.37  I 

2092  - 

26473 

150 

3914.85  I 

8044  -  33580 

350 

4101.74  I 

9058  - 

33431 

260 

3920.92  I 

8575  -  34072 

75 

4102.28  I 

7483  - 

31853 

1500 

3923.47  I 

12817  -  38297 

130 

4107.84  I 

14 (UU  — 

QQAQ7 

00 

27 

4109.65  I 

9120  - 

33447 

3300 

3925.92  I 

0  -  25465 

1900 

4112!74  I 

8084  - 

32392 

600 

3931.76  I 

9620  -  35047 

160 

4113.38  I 

16713  - 

41017 

I 

12817  -  38243 

35 

4114.13  I 

8044  - 

32343 

310 

3933.55  I 

2092  -  27507 

65 

4118.50  I 

1191  - 

zo4o4 

1  OA 

70^7  on  1 

160 

4120.99  I 

8084  - 

32343 

65 

3941.65  I 

8084  -  33447 

160 

4123!06  I 

9184  - 

33431 

85 

3942.06  I 

3105  -  28466 

65 

4123.81  I 

16191  - 

40433 

65 

3944.19  I 

8084  -  33431 

120 

4127.44  I 

2092  - 

26313 

760 

3945.57  I 

16240  -  41578 

120 

4127.87  I 

13982  - 

0  OOAA 

lOdft    1  I 
«3y^D..)i  1 

1  1 78fi  -  371 19 
III  ou        0  1  I  ly 

100 

4137.23  I 

8044  - 

32208 

65 

3949.42  I 

11447  -  36760 

2000 

4144.16  I 

8084  - 

32208 

120 

3950.04  I 

20056  -  45365 

650 

4145.74  I 

9058  - 

33172 

460 

3950.21  I 

6545  -  31853 

260 

4146.77  I 

9620  - 

33729 

150 

3950.41  I 

9073  -  34380 

85 

4148.38  I 

9073  - 

0  0  1  70 

OD 

^  Q  1  9 1  1 

OV.J  1 .  Z  I  I 

8771  -  34072 

55 

4150.30  I 

9492  - 

33580 

310 

3952.68  I 

16191  -  41483 

35 

4159.17  I 

16240  - 

40277 

40 

3957.45  I 

9620  -  34882 

130 

4161.66  I 

13646  - 

37668 

460 

3964.90  I 

0  -  2,5214 

110 

4166.88  I 

6545  - 

30537 

35 

3969.79  I 

10624  -  35807 

870 

4167.51  I 

9184  - 

33172 

00 

R'i7'i  -  33799 
0  J 1 0        00  i  ^y 

1 10 

4170.05  I 

13646  - 

37620 

600 

3978.44  I 

8044  -  33172 

55 

4175.43  I 

20056  - 

43999 

600 

3979.42  I 

1191  -  26313 

110 

4182.46  I 

17046  - 

40949 

870 

3984.86  I 

8084  -  33172 

65 

4182.64  I 

7483  - 

31385 

27 

3987.80  I 

16191  -  41260 

35 

4189.46  I 

7483  - 

31346 
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Ruthenium  —  all  observed  /inei  — Continued 


Intensity 

and 
Character 

Wavelenfith  c 

ij,  ^  bpectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

jj,  ^  bpectrum 

Energy  levels 
in  cm"' 

150 

4196.87  I 

13982 

— 

37802 

100 

4383.36  I 

10624 

- 

33431 

550 

4197.58  I 

8575 

— 

32392 

870 

4385.39  I 

7483 

— 

30280 

550 

4198.88  I 

1300 

418S  6'i  T 

7600 

4199.90  I 

6545 

30348 

100 

4386  27  I 

14827 

37620 

1500 

4206  02  I 

8084 

_ 

31853 

27 

4388.99  I 

22419 

_ 

45197 

190 

4207.64  I 

14828 

- 

38587 

1700 

4390.44  I 

8575 

- 

31346 

5400 

4212.06  I 

6.545 

— 

30280 

85 

4391.03  I 

7483 

— 

30250 

760 

4214.44  I 

oloOl 

35 

4394.96  I 

lOOOU 

QQOn7 

ooLy  I 

930 

4217.27  I 

6545 

30250 

170 

4397.80  I 

9121 

31853 

370 

4220.68  I 

13982 

37668 

40 

4399.59  I 

9620 

_ 

32343 

110 

4225.09  I 

20242 

— 

43903 

35 

4404.82  I 

17046 

- 

39742 

75 

4226.66  I 

15054 

38706 

1600 

4410.03  I 

9184 

31853 

4229.31  I 

1  QOQO 

17A9rt 

65 

4420  84  I 

Q77  1 

4230  31  I 

8575 

32208 

160 

4421.46  I 

8575 

31186 

150 

4232.32  I 

8771 

32392 

40 

4424.78  I 

11786 

_ 

34380 

110 

4236.67  I 

14700 

- 

38297 

330 

4428.46  I 

8771 

- 

31346 

760 

4241.05  I 

8771 

- 

32343 

460 

4439.76  I 

10655 

- 

33172 

760 

4243  06  I 

7483 

31044 

85 

4444.51  I 

OAyl  A 

8044 

30537 

4944  83  I 

9620 

33172 

440 

4449.34  I 

8575 

31044 

100 

14700 

38243 

1  ion 

4460  04  I 

8771 

31186 

370 

4246.73  I 

20056 

- 

43597 

22 

4467.26  I 

20242 

- 

42621 

40 

4248.14  I 

15054 

- 

38587 

190 

4473.93  I 

6545 

- 

28891 

310 

49'iS  00  T 

13646 

37119 

97 

4470  41  T 

13646 

35964 

75 

4960  00  T 

10624 

34091 

4480  4S  T 

15054 

37367 

35 

4963  40  T 

10624 

34072 

35 

4489  01  T 

11786 

34091 

75 

4265.61  I 

10655 

- 

34091 

85 

4488.39  I 

8771 

- 

31044 

35 

4277.26  I 

14827 

- 

38200 

55 

4490.24  I 

8084 

- 

30348 

4278.69  I 

13982 

_ 

37347 

4^; 

4401  6ft  I 

13982 

_ 

36239 

45 

4281.93  I 

15550 

38898 

ISO 

440ft  14  I 

9121 

31346 

75 

4282.22  I 

6545 

29891 

190 

4S10  10  I 

8084 

30250 

760 

4284.33  I 

9058 

- 

32392 

85 

4511.20  I 

13646 

- 

35807 

190 

4287.05  I 

13646 

- 

36965 

220 

4516.89  I 

11447 

- 

33580 

990 

490^  9ft  I 

9058 

32343 

990 

I'll  7  fl9  I 

1  i  .  OL  I 

9058 

31186 

4904  7Q  I 

8575 

31853 

1  10 

4'^90  0'^  T 

9073 

31186 

OOKJ 

490^^  01  I 

0191 

19109 

6=; 

rOOU.OO  1 

1  ■i0'i4 

171 10 

0  t  I  ly 

20934 

42998 

3700 

4297.71  I 

8084 

- 

31346 

930 

4307.60  I 

9183 

- 

32392 

27 

4543.69  I 

9184 

- 

31186 

4.0 

d'^OO  9 1  I 

26036 

49235 

1 70 

4=147  11  T 

7483 

29468 

1  in 

d'ild  '^0  I 

25214 

48386 

1 10 

13982 

35964 

7"; 

1  o 

4'<  16  64  I 

9184 

32343 

97 

4=140  41  I 

8044 

30018 

370 

4318.43  I 

9058 

- 

32208 

45 

4549.96  I 

23393 

- 

45365 

550 

4319.87  I 

8044 

- 

31186 

45 

4552. 1 1  I 

8575 

- 

30537 

40 

4320.58  I 

17097 

40235 

5400 

6545 

28495 

JO 

4'191  ■^O  I 

0071 
y\j  1  o 

1990ft 

1 10 

4'i'iO  Oft  I 
rOijy ,  yo  I 

9121 

11044 

oo 

4'?99  06  I 

9=^901 

4fl197 

99 

4=i69  60  I 

15054 

1606S 

170 

4325.05  I 

13646 

- 

36760 

40 

4564.69  I 

9058 

- 

30959 

170 

4326.82  I 

10624 

- 

33729 

65 

4580.07  I 

11753 

- 

33580 

1  1 0 
1  iU 

't.jZ/.'to  1 

8084 

31186 

1  700 

4=184  44  T 

8084 

29891 

100 

4'?1l   16  I 

R77 1 

IIR'^I 

4'i 

4=187  10  I 

1  1  7ft6 

QQ  con 

dO 

4119  '^0  I 

914=^1 

46^9fi 

1  10 

4=i01  10  I 

0 1 R4 

7  lOT" 

100=^0 
OU7O  7 

75 

4336.42  I 

7483 

- 

30537 

150 

4592.52  I 

10624 

- 

32392 

170 

4337.27  I 

6545 

- 

29595 

65 

4596.71  I 

23453 

- 

45202 

oo 

'foO().Oo  1 

20934 

43976 

oo\j 

ACQQ  Aft  I 

10655 

32392 

'to 

1  A 

00970 

cc 
00 

Afx(\  1  7A  I 

1  1  AA7 

"xi  1 79 

00  i  I L 

Aft 

A1A]  f\A  I 

1  f\'7  1  1 
10  /  1  o 

dft 

4-DUO.DU  1 

oD  /  OU 

550 

4342.07  I 

9184 

- 

32208 

22 

4612.32  I 

8575 

- 

30250 

110 

4346.48  I 

8044 

- 

31044 

170 

4635.69  1 

9620 

- 

31186 

A1AQ  lf\  I 

13982 

36965 

900 

L.\}\J 

Af^Ac.  no  1 

20056 

41578 

8084 

31044 

790 

d.A/17  Al  I 

/ .  0 1  1 

8084 

29595 

1  /in 

10624 

33580 

900 

9058 

30537 

870 

4361.21  I 

6545 

29468 

24 

4669.14  I 

14827 

36239 

35 

4370.42  I 

8084 

30959 

70 

4669.98  I 

7483 

28891 

65 

4371.20  I 

17046 

39917 

95 

4674.65  I 

11786 

33172 

2400 

4372.21  1 

7483 

30348 

290 

4681.79  I 

9184 

30537 

35 

4381.27  I 

16191 

39009 

190 

4684.02  I 

8084 

29427 
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Ruthenium  —  all  observed  /iVies— Continued 


Intensity 

and 
Character 

Wavelength  ^ 

i  oDectrum 

IP    ^                                 I^^^V^  11  U  111 

Energy  levels 
in  cm~' 

Intensity 

nfl  ra  f^t  pr 

Wavelength  c 
m  A  ^ 

Energy  levels 
in  cm"' 

290 

4690.11  I 

8575 

29891 

00 

c 1  CO  on  r 
oloo.ZU  1 

1 1 7QA         311 QA 
1 1  too   —    61  lOD 

1400 

4709.48  I 

9121 

30348 

500 

5155.14  I 

9073  -  28466 

30 

4720.92  I 

16191 

- 

37367 

55 

5160.00  I 

9121  -  28495 

140 

4731.33  I 

9121 

- 

30250 

920 

5171.03  I 

7483  -  26816 

120 

4733.52  I 

8771 

29891 

180 

5195.02  I 

8771  -  28015 

30 

4738.40  I 

oU 

cinn  07  T 

35 

4743.02  I 

22519 

43597 

45 

5202.12  I 

20056  -  39273 

70 

4756.23  I 

8575 

- 

29595 

45 

5213.43  I 

28495  -  47671 

500 

4757.84  I 

7483 

- 

28495 

65 

5223.55  I 

12207  -  31346 

21 

4764.40  I 

27507 

48490 

40 

5242.38  I 

10624  -  29694 

95 

4769.30  I 

6545 

27507 

rr 
00 

OZO  1.0/  1 

1 OQl 7            01  QCO 

21 

4773.15  I 

11447 

32392 

40 

5257.07  I 

30537  -  49554 

35 

4774.00  I 

20242 

- 

41183 

40 

5266.47  I 

20934  -  39917 

50 

4784.27  I 

11447 

- 

32343 

40 

5266.83  I 

20056  -  39037 

35 

4794.38  I 

8575 

29427 

40 

5280.82  I 

8575  -  27507 

35 

4795.57  I 

8044 

28891 

loU 

coo/1  no  T 

Oo4o  —  Zo4do 

50 

4798.44  I 

9058 

40 

5291.16  I 

9121  -  28015 

60 

4804.88  I 

8084 

— 

28891 

80 

5304.86  I 

9620  -  28466 

19 

4806.19  I 

260 

5309.27  I 

7483  -  26313 

260 

4815.52  I 

11447 

— 

32208 

13 

5315.33  I 

20934  -  39742 

1Q 

(1017  34.  I 

T"©  1  1  .  O**  1 

15054 

OOOU  i 

40 

5332.93  I 

13646  -  32392 

70 

4833.00  I 

45  h 

5334.70  I 

50 

4839.01  I 

26313 

_ 

46972 

110 

5335.93  I 

8771  -  27507 

19 

4839.77  I 

8771 

- 

29427 

130 

5361.77  I 

120 

4844.56  I 

9058 

— 

29694 

65 

5377.84  I 

28495  -  47085 

24 

4ft'i4  '\f\  I 

T'OO'T.OU  1 

£.\JJ  I  O 

Oo 

C  00c   00  T 

13646  -  32208 

85 

4861.87  I 

10624 

oil  ou 

110  h 

5401.04  I 

550 

4869.15  I 

7483 

28015 

40 

5401.39  I 

13699  -  32208 

80 

4895.32  I 

8044 

- 

28466 

40 

5418.86  I 

9058  -  27507 

160 

4895.60  I 

10624 

- 

31044 

55 

5427.59  I 

28572  -  46991 

o\j 

1  1  44.7 

0  looo 

ZD  1 

Cyl  on  0  1  T 

470 

4903.05  I 

1  uooo 

^  1  044 
0  lU^-^- 

13 

5452.71  1 

2857,2  -  1-6906 

40 

4905.02  I 

8084 

I 

28466 

80  h 

5454.82  I 

31186  -  49513 

120 

4907.89  I 

9058 

- 

29427 

90 

5456.13  I 

9184  -  27507 

260 

4921.07  I 

8575 

- 

28891 

13  h 

5475.18  I 

31346  -  49605 

1  fin 

LO\J 

'tyoo.^o  I 

Q  1  Ql 
y  lo4 

c  c 
00 

o4/y.4U  1 

olo40  -  4yoyi 

90 

49.55.26  I 

ZOO  10 

H'O  W  1 

26 

5480.30  I 

30280  -  48522 

45 

4959.86  I 

26816 

46972 

80 

5484.32  I 

8084  -  26313 

160 

4968.90  I 

8771 

- 

28891 

18 

5484.64  I 

12817  -  31044 

35 

4974.12  I 

22162 

- 

42261 

26 

5496.69  I 

20056  -  38243 

on 

,10 7 A  on  I 

Zoolo 

'i-oyuo 

io 

CC-A1    AO  1 

ooUl.UZ  1 

oUo4o  -  4oozz 

160 

4980.35  I 

yozu 

130 

5510.71  I 

12207  -  30.348 

55 

4983.45  I 

9058 

29119 

20 

5512.37  I 

30250  -  48386 

55 

4987.26  I 

9073 

- 

29119 

8 

5517.86  I 

15054  -  33172 

120 

4992.74  I 

7483 

- 

27507 

12 

5521.78  I 

31186  -  49291 

lou 

oUll.ZO  i 

one  i(\ 

1 0 
12 

c c on  nn  T 

ooou.yy  1 

OAno  \  onAnn 

zuyo4  —  oyuuy 

90 

5014.95  I 

9  184 

291 19 

24 

5540.66  I 

12207  -  30250 

90 

5026.18  I 

8575 

28466 

12 

5556.52  I 

8044  -  26036 

65 

5028.16  I 

10655 

- 

30537 

90 

5559.75  I 

7483  -  25465 

35 

5040.35  I 

20934 

- 

40768 

11 

5569.03  I 

8084  -  26036 

OO 

oD  tU.  /4  1 

9058 

28891 

0 1 

c:c7Q  /tn  I 
00/0. 4U  1 

65 

5047.31  I 

9620 

29427 

21 

5603.14  I 

10624  -  28466 

450 

5057.33  I 

6545 

26313 

8 

5603.55  I 

21 

5062.64  I 

13982 

- 

33729 

13 

5606.73  I 

29160  -  46991 

90 

5072.97  1 

9184 

- 

28891 

11 

5629.79  I 

22519  -  40277 

1  on 

ou/o.oz  I 

10655 

30348 

onn 

zyu 

OOO0.Z4-  1 

pC7c:         9^*3  1 1 

200 

5093.83  I 

9492 

on  1  1  n 

291 19 

11 

5641.66  I 

12817  -  30537 

80 

5107.07  I 

I9S 1  7 

QO-JOO 
OLoyL 

7 

5649.56  I 

9121  -  26816 

24 

5123.73  I 

11447 

30959 

7 

5653.30  I 

12207  -  29891 

55 

5127.26  I 

9620 

29119 

11 

5665.20  I 

13699  -  31346 

DO 

c  ^  00  on  T 

13699 

33172 

10 

oo/y.oo  1 

99903  3QQ0/I 

530 

8044 

27507 

180 

5699.05  I 

8771  -  26313 

170 

5142.76  I 

8575 

28015 

13 

5724.82  I 

12817  -  30280 

250 

5147.24  I 

8084 

27507 

13 

5725.73  I 

8575  -  26036 

110 

5151.07  I 

9058 

28466 

16 

5745.99  I 

13646  -  31044 

238 


Ruthenium  — all  observed  /treei  — Continued 


Intensity 

and 
Character 

Wavelenath 
.    J  ^ 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  Spectrum 

Energy  levels 
in  cm"' 

16 

5747.47 

j 

21643  - 

39037 

21 

6824 

17  I 

28466 

-  43116 

11 

5752.02 

8084  - 

25465 

7 

6831 

52  I 

25643 

-  40277 

11 

5756.83 

J 

11753  - 

29119 

26 

6911 

48  I 

29427 

-  43892 

11 

5767.92 

1 

11786  - 

29119 

110 

6923 

23  I 

26816 

-  41256 

16 

5804.39 

J 

23393  - 

40616 

26 

6982 

01  I 

27507 

-  41825 

65 

5814.98 

I 

9121  - 

26313 

26 

7027 

98  I 

28891 

-  43116 

8 

5828.06 

1 

15054  - 

32208 

9 

7086 

06  I 

16240 

-  30348 

16  h 

5833.21 

J 

30348  - 

47487 

12 

7087 

35  I 

12207 

-  26313 

55 

5919.34 

8575  - 

25465 

4 

7141 

72  I 

17046 

-  31044 

80 

5921.45 

10624  - 

27507 

7219 

26  I 

25603 

-  39451 

6 

21 

5926.87 

I 

16713  - 

33580 

35 

7238 

92  I 

28015 

-  41825 

26 

5932.38 

J 

9184  - 

26036 

7 

7266 

96  I 

8 

5936.65 

J 

30348  - 

47188 

8 

7323 

56  I 

16240 

-  29891 

8 

5951.15 

J 

15054  - 

31853 

16 

7393 

93  I 

29595 

-  43116 

21  h 

5973.38 

J 

30348  - 

47085 

18 

/46o 

m  T 
91  1 

30959 

-  44344 

8 

5974.17 

I 

20934  - 

37668 

12 

/4/5 

40  1 

16 

5988.67 

I 

8771  - 

25465 

26 

7485 

79  I 

30537 

-  43892 

35 

5993.65 

I 

11786  - 

28466 

70 

7499 

75  I 

28495 

-  41825 

18 

6116.77 

J 

9121  - 

25465 

7 

7532 

07  I 

24927 

-  38200 

26 

6199.42 

I 

17046  - 

33172 

26 

7559 

61  I 

29891 

-  43116 

5 

7612 

94  I 

31044 

-  44176 

26 

6225.20 

I 

11447  - 

27507 

18 

7621 

50  I 

31853 

-  44970 

9 

6284.49 

J 

22293  - 

38200 

18 

7722 

87  I 

15550 

-  28495 

18 

6295.22 

J 

23393  - 

39273 

\j 

7729 

91  I 

30959 

-  43892 

13 

6330.62 

J 

25465  - 

41256 

9 

6336.12 

J 

22519  - 

38297 

22 

7791 

86  I 

31346 

-  44176 

4 

7797 

89  I 

9  h 

6363.41 

I 

28466  - 

44176 

4 

7806 

82  I 

37.367 

-  ,50173 

9 

6376.45 

J 

12817  - 

28495 

3 

7813 

43  1 

20934 

-  33729 

16 

6390.23 

J 

23393  - 

39037 

4 

7829 

81  1 

30250 

-    130 1 9 

8 

6417.57 

J 

34773  - 

5035 1 

26  h 

6444.84 

I 

27507  - 

43019 

5  h 

7833 

39  1 

32208 

U970 

6  h 

7841 

9(1  1 

3«.543 

J'<29l 

8 

6496.44 

I 

27,507  - 

42895 

30 

7847 

80  1 

3(128(1 

13019 

11 

6528.74 

I 

80 

7881 

IV  1 

28572 

n2.5». 

4 

6560.45 

• 

23005  - 

38243 

U) 

7890 

37  1 

M).\  18 

(to  IV 

4 

6593.74 

17046  - 

32208 

16 

»3  I 

9 

6618  20 

I 

16240  - 

31346 

792  \ 

12KV(> 

.5 

79  »8 

15  1 

323<J2 

nv7(t 

21 

6663.14 

I 

28015  - 

4,3019 

9 

7'X)7 

HI  1 

3(13  »8 

128V5 

55 

6690  00 

I 

26313  - 

412,56 

8112 

\:  1 

31853 

11 

6707.52 

I 

23393  - 

38297 

18 

82()  i 

9(>  1 

2'M(il 

n  j.'>(i 

15 

6718  ■^O 

. 

28015  - 

42895 

11 

8348 

98  I 

3  ion 

wo  IV 

15 

1 

16191  - 

31044 

6 

8352 

94  1 

32208 

U 1 7() 

7 

6756.54 

I 

32392  - 

47188 

4 

8435 

31044 

-  12895 

21 

6766  95 

\j  1  yjyj .  7tj 

I 

29119  - 

43892 

1 1 

8473 

64  I 

.33172 

-  U970 

30 

6775.02 

J 

17097  - 

31853 

11 

8483 

56  I 

32392 

-  U176 

13 

6787.23 

15550  - 

30280 

22 

8710 

84  I 

30348 

-  41825 

8 

6813.51 

22293  - 

36965 

14 

8724 

98  I 

20934 

-  32392 

15 

6823.88 

I 

29694  - 

44344 

9 

8777 

36  I 

33580 

-  44970 

239 


559-795  0  -  75  -  17  (Pt.  1) 


Samarium 

Sm,  Z-62,  M=  150.4,  Ratio  ^  =  2.367 

Sm  I  Normal  state  of  valence  electrons  4/%s^  To^O.  I. P.  =  45400  cm~^ 
Sm  II    Normal  state  of  valence  electrons  4/^65  Ti/2  =  0.  I. P.  =  89300  cm-^ 

References 


Wavelengths: 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945),  below  2900  A. 
A.  S.  King,  Astrophys.  J.  82,  140  (1935),  above  2900  A. 

Classification: 

Sm  I,  W.  Albertson,  Phys.  Rev.  47,  370  (1935). 

W.  Albertson,  Phys.  Rev.  52,  644  (1937). 
Sm  II,  W.  Albertson,  Astrophys.  J.  84,  26  (1936). 

Sm  I  and  II,    A.  Carher,  Thesis,  Univ.  of  Paris.  (Orsay)  (1967). 

J.  Blaise,  C.  Morillon,  M.  G.  Schweighofer,  and  J.  Verges,  Spectrochimica  Acta  24B, 
405  (1969). 


Strong  lines  of  samarium 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

4200 

3568.27 

II 

3910 

31926 

1800 

4434.32 

3053 

25598 

4200 

3592.60 

II 

3053 

30880 

1700 

3306.39 

3910 

34145 

3700 

3885.29 

II 

3910 

29641 

1700 

3604.28 

3910 

31646 

3400 

3609.49 

II 

2238 

29935 

1700 

3621.23 

838 

28445 

3400 

3634.29 

II 

1489 

28997 

II 

1600 

3728.47 

5318 

32131 

2900 

3739.12 

326 

27063 

1600 

3735.98 

2238 

28997 

3739.20 

II 

4386 

31122 

1600 

3793.97 

838 

27188 

2900 

4424.34 

II 

3910 

26506 

1600 

3797.73 

4386 

30710 

2700 
2500 

3854.21 
3922.40 

II 
II 

5317 
3053 

31255 
28540 

1600 

3826.20 

4386 

30514 

2200 
2200 

3661.36 
3670.84 

II 
II 

327 
838 

27631 
28073 

1600 
1600 

3843.50 
3896.98 

3499 
327 

29510 
25980 

2200 

4280.79 

II 

3910 

27263 

1600 

4296.74 

4021 

27288 

2200 

4467.34 

II 

5318 

27696 

1600 

4390.86 

1489 

24257 

2100 

3731.26 

II 

838 

27631 

1600 

4433.88 

3499 

26046 

2100 

4256.39 

II 

3053 

26540 

1500 

3788.12 

2003 

28394 

1900 

3760.69 

II 

1489 

28072 

1500 

3963.00 

326 

25552 

1900 

3928.28 

II 

1489 

26938 

1500 

3971.40 

3499 

28672 

1900 

4118.55 

II 

5318 

29591 

1500 

3990.00 

0 

25056 

1900 

4318.94 

II 

2238 

25385 

3990.02 

3125 

28181 

1800 

4329.02 

II 

1489 

24583 

1500 

4420.53 

II 

2689 

25304 

240 


Samarium— all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

^  Spectrum 

Energy  levels 
in  cm"' 

45 

2610.07 

85 

3134.18  II 

90 

2640  27 

270 

1116  10  II 

1  A  on 

1489 

33364 

35 

2649.17 

150 

3139.97  II 

3052 

34890 

45 

2657.68 

85 

3143.30  II 

3499 

- 

35303 

70 

2662.42 

150 

3147.19  II 

2689 

- 

34454 

120 

2675.15 

180 

3152.10  II 

34  /60 

100 

2688  60 

410 

3152.52  II 

838 

32549 

45 

2690.90 

II 

4386  -  41537 

85 

3162^15  II 

2238 

33853 

130 

2693.34 

150 

3162.30  II 

838 

- 

32451 

45 

2693.74 

360 

3169.88  II 

2238 

- 

33776 

60 

2696.08 

85 

3170.21  II 

0000 
2238 

33773 

85 

2707.96 

180 

3178.12  II 

1  A  on 
1489 

32945 

50 

2732^42 

720 

3183.92  II 

326 

31725 

35 

2739.87 

85 

3186.02  II 

2688 

- 

34066 

29 

2762.28 

310 

3187.01  II 

1489 

- 

32858 

35 

2764.18 

430 

3187.22  II 

3053 

34419 

85 

2767.85 

11 

838  -  369S6 

360 

3187.79  II 

2238 

33599 

60 

nu.ii 

85 

3188^72  II 

2689 

34040 

85 

2776.11 

360 

3193.01  II 

0 

_ 

31309 

85 

2779.23 

II 

1518  -  37488 

360 

3196.18  II 

3053 

- 

34331 

85 

2786.64 

150 

3201.80  II 

3499 

34722 

1 

2789.38 

II 

90(11  -  17849 

3204.90  II 

2689 

33882 

130  h 

2796.70 

360 

3207.18  II 

0 

31171 

85 

2807.36 

180 

3208.17  II 

4386 

_ 

35547 

150 

2809.50 

600 

3211.73  II 

2237 

- 

33364 

120 

2810.86 

II 

2003  -  37569 

150 

3214.12  II 

2003 

33107 

ou 

2817.20 

II 

9ftni  -  174.88 

97ft 

191  ^  96  FI 

lO,  £.\J  11 

3053 

34145 

29 

2820.96 

II 

1518  -  36956 

530 

3216.85  II 

818 

000 

11016 

220 

2830.94 

600 

3218.61  II 

1489 

_ 

32549 

60 

2840.30 

150 

3219.43  II 

0 

- 

31052 

60 

2847.49 

II 

10214  -  45322 

270 

3226.84  II 

3909 

— 

34890 

Uv 

180 

lOU 

1998  ^0  II 

120 

2866.09 

II 

2688  -  37569 

270 

3228.78  II 

4386 

— 

35349 

70 

2868.40 

II 

2003  -  36855 

720 

3230.56  II 

1489 

— 

32435 

70 

2881.34 

360 

3231.53  II 

838 

_ 

31775 

85 

2881.68 

150 

3231.95  II 

2003 

— 

32935 

60 

2883.09 

430 

3233.68  II 

2237 

33153 

45 

2889.06 

720 

3236.64  II 

818 
000 

11 7911 

60 

2891.34 

150 

3237.89  II 

3499 

_ 

34375 

85  d 

2907.88 

720 

3239.66  II 

3910 

_ 

34768 

2907.99 

II 

10960  -  45337 

530 

3241.16  II 

327 

31171 

— 

1  in 

901ft  9R 

II 
11 

180 

1941  'io  n 

1518 

32359 

85 

2937.48 

II 

180 

3242.04  II 

IQOQ 

14741^ 

70 

2943.49 

II 

2003  -  35966 

150 

3244.69  II 

1489 

I 

32299 

150 

2953.19 

II 

85 

3245.80  I 

1490 

_ 

32290 

85 

2962.74 

II 

240 

3249.75  II 

326 

- 

31089 

11 

79n 

I9^n  17  IT 

0 

30757 

100 

2983.43 

II 

360 

3253.40  II 

000 

0  lOOO 

60 

2991.57 

II 

270 

3253.94  II 

3053 

33776 

100 

3021.01 

850 

3254.38  II 

327 

_ 

31045 

150 

3034.84 

II 

5317  -  38258 

110 

3255.63  II 

2238 

- 

32945 

1 

lUU 

11 
u 

ZOoo  oDOoo 

oo 

aocQ  91;  IT 

2003 

— 

32686 

120 

3046.93 

II 

360 

3262.28  II 

11111 
00000 

45 

3050.80 

II 

430 

3264.94  II 

2238 

32858 

85 

3065.78 

II 

327  -  32935 

180 

3270.49  II 

3499 

_ 

34066 

150 

3067.54 

180 

3270.68  II 

1  9ft 

•^071  9Q 

II 
11 

410  H 

1979  48  TI 

1518 

— 

32067 

100 

3086.45 

II 

3272.60  II 

3909 

34457 

85 

3096.68 

II 

1489  -  33773 

430 

3272.81  II 

3052 

33599 

120 

3096.88 

II 

85 

3273.32  II 

3499 

34040 

100  h 

3102.30 

II 

430 

3273.48  II 

0 

30539 

250 

3106.52 

IT 

il 

2238  -  34419 

oc 
oo 

007c  07  IT 

1489 

32007 

220 

3110.20 

II 

1518  -  33661 

430 

3276.75  II 

3910 

34419 

60 

3115.05 

II 

2238  -  34331 

270 

3280.84  II 

838 

31309 

200 

3117.72 

II 

180 

3285.66  II 

1489 

31916 

241 


Samarium  —  all  observed  /treei  — Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  c 

1  Spectrum 
in  A  ^ 

Energy  levels 
in  cm"' 

430 

3286.23 

II 

3910 

- 

34331 

150 

3397.76  II 

0 

_ 

29422 

85 

3286.54 

II 

2689 

— 

33107 

150 

3399.84  II 

5317 

_ 

34722 

720  d 

3290.28 

II 

1518 

- 

31902 

600 

3402.46  II 

3053 

- 

32435 

XT 
11 

3499 

— 

33882 

210 

3403.09  II 

3909 

- 

33286 

1  QA 

loU 

TT 
11 

^Ooo 

oqa/;q 

OCA 

850 

0  A  AO  /;  0  TT 

3408.68  11 

2237 

0  1  C££ 

31566 

240 

3293.37 

II 

2003 

_ 

32359 

85 

3411.28  II 

2003 

_  ■ 

31309 

360 

3295.44 

II 

4386 

_ 

34722 

85 

3413.90  II 

2238 

_ 

31522 

430 

3295.81 

II 

838 

- 

31171 

270 

3418.15  II 

3052 

- 

32299 

720 

0  O AO    1  A 

TT 
11 

2237 

— 

32549 

430 

3418.51  II 

3910 

- 

33154 

1  *jn 
I  /O 

OOAA  AO 

ooUU.9o 

IT 
11 

Q  1  77c: 

170 

3419.77  II 

0  AC  0 

3052 

32286 

340 

3301.68 

II 

3910 

_ 

34189 

120 

3424.78  II 

4386 

_ 

33576 

340 

3304.52 

II 

0 

_ 

30253 

170 

3426.20  II 

5317 

_ 

34496 

340 

3305.18 

II 

2689 

- 

32935 

85 

3427.97  II 

1489 

- 

30652 

I  /Uu 

0  0A£  OA 

ooUo.o9 

Tl 
11 

3910 

— 

34145 

95 

3429.75  II 

838 

- 

29986 

0  9  AA  £.  1 

TI 
11 

66Zob 

170 

3433.68  11 

2237 

0  1  0  c  0 

31352 

850 

3307.02 

II 

5317 

_ 

35547 

60 

3435.27  II 

5318 

_ 

34419 

340 

3309.52 

II 

838 

_ 

31045 

150 

3437.10  II 

2689 

_ 

31775 

850 

3310.66 

II 

2238 

- 

32435 

170 

3438.06  II 

3053 

- 

32131 

600 

3312.42 

TT 
11 

1489 

- 

31670 

240 

3440.50  II 

5318 

- 

34375 

41U 

0  O  1  £  CO 

3316.58 

TT 
11 

ZZil 

000  OA 

32380 

85 

3444.62  II 

1489 

30511 

85 

3319.56 

II 

838 

30954 

70 

3449.56  II 

2689 

31670 

430 

3320.16 

II 

1489 

_ 

31600 

85 

3452.78  II 

3053 

32007 

110 

3320.59 

II 

170 

3453.56  II 

4386 

- 

33333 

1  OAA 

1200 

0  0  O  1    1  o 

TT 
11 

3053 

- 

33154 

85 

3454.97  II 

3499 

- 

32435 

340 

3323.77 

T  T 
11 

3499 

33576 

170 

3459.20  II 

4386 

33286 

340 

3325.26 

II 

2003 

_ 

32067 

120 

3459.42  II 

3499 

32397 

170 

3325.48 

II 

2237 

_ 

32299 

240 

3461.13  II 

2237 

31122 

340 

3327.88 

II 

3499 

- 

33539 

85 

3462.69  II 

5318 

- 

34189 

85 

3329.62 

t  I 

11 

3910 

- 

33935 

120 

3464.07  II 

1489 

- 

30348 

85 

3332.70 

TT 
11 

2689 

32686 

70 

3464.43  II 

1489 

30346 

170 

3333.64 

II 

4386 

34375 

170 

3467.87  II 

5318 

34145 

85 

3335.03 

II 

326 

30302 

130 

3473.96  II 

3053 

31830 

170 

3336.12 

II 

2238 

- 

32204 

130 

3479.53  II 

2238 

- 

30969 

850 

3340.58 

II 

327 

- 

30253 

130 

3480.26  II 

85 

3341.43 

II 

838 

30757 

170 

3480.56  II 

5317 

34040 

240 

3343.49 

II 

3909 

33809 

170 

3487.41  II 

2003 
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Scandium 

Sc,  Z  =  21,  M  =  44.9559,  Ratio  |^=0.707 

Sc  I    Normal  state  of  valence  electrons  3rf4s-  ^Dj  1/2=  0.  LP.  =  52920  cm-^ 
Sell   Normal  state  of  valence  electrons  3d4^s  ^Di  =  0.  LP.  =  103240  cm~K 
Sc  III  Normal  state  of  valence  electrons  3c?  ^Di  1/2  =  0.  LP.  =  199677  cm"^ 

References 

Wavelengths: 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945),  below  7000  A. 
G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 

1939),  above  7000  A. 
The  last  five  lines  in  the  table  are  observed  for  the  first  time  on  our  plates. 

Classification: 

Sc  I  and  Sc  II,  H.  N.  RusseU  and  W.  F.  Meggers,  Sci.  Papers  NBS  22,  329  (1927) 
Molecular  Spectra: 

ScO,  W.  F.  Meggers,  and  J.  A.  Wheeler,  J.  Research  NBS  6,  239  (1931)  RP  273. 
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Scandium  — all  observed  /irees  —  Continued 
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14 

5357. 19 

T  T 
il 

12154 

30816 

220 

4779.35 

. 

168 

21086 

270 

5375.35 

I 

15882 

34480 

90 

4791., 50 

I 

168 

_ 

21033 

370 

5392.08 

I 

16027 

- 

34567 

100 

4827.28 

I 

17948 

- 

38658 

45 

5416. 12 

16022 

- 

34480 

100 

4833.67 

I 

17919 

38602 

45 

5425.57 

j 

16141 

34567 

170 

4839.44 

I 

18000 

38658 

45 

r  A  or\   A  1 

5429.41 

16010 

34423 

40 

4840.47 

I 

17948 

38602 

35 

5432.94 

I 

16022 

_ 

34423 

80 

4847.68 

I 

17948 

_ 

38571 

55 

5433.23 

I 

16023 

- 

34423 

80 

4852.68 

I 

18000 

- 

38602 

45 

5438.22 

16097 

- 

34480 

140  bid 

4857.79 

Sc 

0 

55 

5439.03 

} 

16010 

34390 

4858.09 

Sc 

0 

55  h 

r  A  A  n  z"  o 

5442.60 

16022 

34390 

80 

4906.67 

16141 

36516 

270 

5446.20 

I 

16211 

34567 

90 

4909.76 

J 

16211 

_ 

36573 

18 

5447.39 

I 

14926 

— 

33279 

90 

4922.84 

16023 

36330 

120 

5451.34 

J 

16141 

34480 

90 

4934.25 

17919 

38180 

30 

5455.21 

{ 

16097 

34423 

45 

4935.74 

16022 

36277 

18 

5465.20 

18856 

37148 

70 

4941.33 

17948 

38180 

55 

5468.40 

I 

16141 

34423 

170 

4954.06 

18000 

38180 

60 

5472.19 

16211 

34480 

120 

4973.66 

17025 

37126 

18 

5474.64 

150 

4980.37 

17013 

37086 

750 

5481.99 

15042 

33279 

80 

4983.45 

17025 

37086 

530 

5484.62 

14926 

33154 

256 


Scandium  —  all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelenfith 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

570 

c  c  1  /I  on 

5514.22 

{ 

14926 

33056 

320 

6239.78 

T 
1 

0  - 

16022 

16 

5515.39 

15673 

33799 

120 

6245.63 

II 

12154  - 

28161 

660 

5520.50 

J 

111  "il 

1 1ft 

6249.96 

I 

LOO  1  I 

45 

5526.06 

I 

15673 

_ 

33764 

250 

6258.96 

I 

168  - 

16141 

660 

5526.82 

II 

14261 

- 

32350 

60 

6262.25 

I 

18516  - 

34480 

55 

oo41 .1)4 

15757 

33799 

55 

11 

02  /O.ol 

T 
1 

168  - 

16097 

30 

5546.40 

J 

15882 

33906 

45 

6279.76 

II 

12101  - 

28021 

18 

5550.40 

1 

lO  JUT* 

IS 

6300.70 

II 

1  9 1  'id.  - 

9flft9) 

5 

5552.25 

II 

11736 

_ 

29742 

750 

6305.67 

I 

168  - 

16023 

35 

5553.59 

18571 

- 

36573 

26 

6309.90 

II 

12074  - 

27918 

16 

5561.10 

18516 

36493 

16 

6320. 85 

TT 
11 

12101  - 

27918 

70 

5564.86 

15882 

33847 

26 

6344.83 

I 

0  - 

15757 

18 

5571.24 

J 

loo  (  1 

ODD  ID 

Aft 

6378.82 

I 

ft  — 

IDO  / O 

14 

5579.76 

J 

15882 

33799 

55 

bl 

6408.41 

ScO 

110 

5591.33 

J 

16027 

_ 

33906 

90 

6413.35 

I 

168  - 

15757 

35  h 

5593.38 

21086 

- 

38959 

26 

b 

/I  0  "7  AO 

6437.08 

be  U 

22 

5604.19 

{ 

21033 

— 

38872 

55 

bl 

6446.24 

ScO 

22 

5631.02 

9A 
ZO 

L 
D 

6457.78 

ScO 

80 

5640  98 

II 

12101 

29824 

35 

b 

6485  40 

ScO 

45 

5646  36 

16141 

33847 

26 

b 

6495.90 

ScO 

16 

5647.60 

16097 

- 

33799 

55 

b 

6525.62 

ScO 

55 

5649.56 

16211 

— 

33906 

22 

b 

6535.30 

ScO 

250 

5657  88 

II 

12154 

29824 

L 
D 

6557.84 

ScO 

60 

5658.34 

II 

12074 

29742 

35 

b 

6566.88 

ScO 

55 

5667.16 

II 

12101 

29742 

18 

b 

6575.85 

ScO 

70 

5669.04 

II 

12101 

- 

29736 

60 

6604.60 

II 

10945  - 

26081 

1500 

5671.81 

11677 

— 

29304 

26 

bl 

6609.99 

ScO 

95 

5684  20 

II 

1  O  1  C  yl 

121b4 

2y  /42 

1  o 

lo 

UI 
Ol 

6617.94 

ScO 

1200 

5686  84 

11610 

29190 

18 

bl 

6645  08 

ScO 

1100 

5700.21 

J 

11558 

29096 

22 

bl 

6654.42 

ScO 

190 

5708.61 

11677 

- 

29190 

26 

bl 

6661.01 

Sc  0 

880 

5711.75 

11520 

— 

29023 

18 

b 

6700  48 

ScO 

230 

5717.28 

1 10  lU 

zvuvo 

L 
D 

6705  93 

ScO 

180 

5724.08 

t 

11558 

29023 

65 

6737.87 

55  bl 

5736  85 

ScO 

35 

6739.40 

C  C  LI 

55  bl 

5764.45 

be  O 

35 

£0  1  7  AO 

6817.08 

{ 

95  bl 

5772.74 

ScO 

50 

6819.52 

21086  - 

35746 

55  bl 

5775.32 

ScO 

zy 

6829.54 

I 

0 1  m  1 

OOO  /  1 

70  bl 

5809  84 

ScO 

50 

6835  03 

I 

70  bl 

581 1  60 

ScO 

5 

b 

6963  12 

ScO 

95  bl 

5847.73 

Sc  0 

5 

bl 

6990.68 

ScO 

70  bl 

5849.07 

So  0 

5 

bl 

7025.72 

ScO 

70  b 

5887.38 

Sc  0 

o 

8 

D 

7035.77 

ScO 

35  bl 

5918.04 

Sc  0 

5 

b 

7072.37 

ScO 

30 

5919. 1 1 

I 

18856 

35746 

5 

b 

7094.38 

ScO 

60  bl 

5928. 10 

ScO 

12 

h 

7138.14 

j 

24866  - 

38872 

O  J 

J 7U  1  . 

I 
1 

21086 

- 

37856 

14 

7169. 13 

25014  - 

38959 

f>0  hi 

Sr  O 

12 

7257.57 

31351  - 

45126 

35 

5969. 19 

I 

21033 

37781 

8 

7275.57 

J 

31275  - 

45016 

90 

5988.42 

I 

17013 

33707 

3 

h 

7100  62 

I 

31216  - 

44910 

160  bl 

6017.07 

ScO 

12 

h 

7524. 13 

} 

25585  - 

38872 

fin 

fift9fi  Ift 
Uw^U .  I  O 

I 

1 

17025 

- 

33615 

14 

h 

7=151  Ofi 

25725  - 

38959 

fiftlfi  17 

JL  KJ 

15 

h 

7574.44 

24657  - 

37856 

iion  hi 

f\()f>A  1 1 

UUUH" .  O  1 

11 

7617.45 

24657  - 

37781 

440  bl 

\j\J  i  ^  .\jO 

Sr  O 

14 

h 

7665  72 

J 

20237  - 

33279 

620  bl 

6079.30 

ScO 

30 

7697.73 

{ 

25585  - 

38572 

■I9n  hi 

filftl  ft7 

U  I U  I  .  O  ( 

18 

7729.72 

25725  - 

38658 

17ft  hi 
O  l\J  UI 

fil  ftO  01 

Sr  n 

55 

h 

7741. 17 

20237  - 

33151 

17ft  hi 
O  1  U  UI 

f\]  07 

Sr  O 

oc  yj 

5 

h 

7750.37 

29023  - 

41922 

Ifift  h 
iOU  u 

f,]AO  70 
u  1  ^o.  ( yj 

Sr  O 

5 

7752.72 

I 

29190  - 

42085 

150  b 

6153.93 

ScO 

6 

h 

7771.06 

29096  - 

41961 

150  b 

6188.09 

ScO 

15 

7785.17 

25014  - 

37856 

150  b 

6192,90 

ScO 

8 

7794.68 

29190  - 

42016 

620 

6210.68 

I 

0 

16097 

30 

7800.44 

20240  - 

33056 

90 

6239.41 

1 

0 

16023 

11 

7821.64 

29304  - 

42085 

257 


Scandium— all  observed  Zines— Continued 


Intensity 

and 
Character 

flvclcngth 
in  A 

Spectrum 

in  cm ~ ' 

Intensity 

and 
Character 

vv  3  V  f*l  n  (ft  h 
in  A 

Spectrum 

Energy  levels 
in  cni~' 

11  h 

8196.98 

I 

25585  -  37781 

15  h 

8823.8 

I 

15 

8241.13 

I 

25725  -  37856 

30  h 

8834.35 

I 

25014  -  36330 

19  h 

8761.40 

I 

24866  -  36277 

11  h 

8774.8 

15  h 

8794.72 

I 

29304  -  40671 

258 


Selenium 

Se,  Z  =  34,  M=78.9,  Ratio  1.243 

Lu 

Se  I  Normal  state  of  valence  electrons  4s24p'*  ^P2  =  0.  LP.  =  78658  cm-i. 

Se  II  Normal  state  of  valence  electrons  4s^4^p^  *Sl  1/2=  0.  LP.  =  171000  cm-i. 

References 

Wavelengths  and  Classification: 

Se  I,  J.  E.  Ruedy  and  R.  C.  Gibbs,  Phys.  Rev.  46,  880  (1934). 


Selenium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  c 

^  spectrum 

Energy  levels 
in  cm"' 

90000 

1960.26 

I 

0  -  50997 

50 

8918.80  I 

48182  -  59391 

40000 

2039.85 

I 

1989  -  50997 

11000 

2062.79 

I 

2534  -  50997 

2000 

2074.79 

I 

0  -  48182 

259 


Silicon 

Si,  Z=  14,  M  =28.086  Ratio      =  0.442 

Lu 

Si  I  Normal  state  of  valence  electrons  Ss^Sp^  ^Fo  =  0-  I.P.  =  65747  cm"i. 
Si  II  Normal  state  of  valence  electrons  3s^3p  ^P?/2  =0.  LP.  —  131838  cm~^ 

References 

Wavelengths  and  Classification: 

L.  J.  Radziemski,  Jr.  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  55,  474  (1965). 


Silicon  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

j„  ^  spectrum 

Energy  levels 
in  cm  ' 

Intensity 

and 
Character 

Wavelength  c 

^  "  spectrum 

Energy  levels 
in  cm"' 

2200 

2124.12  I 

6299  -  53362 

1200 

2519.20  I 

77  -  39760 

300 

2207.98  I 

0  -  45276 

2400 

2524.11  I 

77  -  39683 

300 

2210.89  I 

77  -  45294 

480 

2216.67  I 

223  -  45322 

2000 

2528.51  I 

223  -  39760 

320 

2435.15  I 

6299  -  47352 

240 

2631.28  I 

15394  -  53387 

1700 

2506.90  I 

77  -  39955 

2600 

2881.58  I 

6299  -  40992 

1600 

2514.32  I 

0  -  39760 

150 

2987.65  I 

6299  -  39760 

3600 

2516.11  I 

223  -  39955 

110 

3905.52  I 

15394  -  40992 

260 


Silver 

Ag,  Z  =  47,  M=  107.868,  Ratio  ^=  1.697 

Agl   Normal  state  of  valence  electrons  4c?""55  2S  1/2  =  0.  LP.  =  61106  cm" ^ 
Ag  II  Normal  state  of  valence  electrons  46^'"  'So-  =  0.  I. P.  =  173300  cm~^. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Ag  I,  A.  G.  Shenstone,  Phys.  Rev.  57,  894  (1940). 
Agll,  A.  G.  Shenstone,  Phys.  Rev.  31,  317  (1928). 


Silver— all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  o 

^  bpectrum 

Energy  levels 
in  cm"' 

80 

2331.37 

II 

40741  -  83621 

50  hi 

4476.08  I 

29552  -  51887 

150 

2413.18 

II 

40741  -  82168 

60  hi 

4668.48  I 

30473  -  51887 

90 

2437.79 

II 

39164  -  80172 

30 

2447.93 

II 

46046  -  86884 

1000 

5209.07  I 

29552  -  48744 

60 

2721.77 

I 

30242  -  66972 

1000 

5465.49  I 

30473  -  48764 

55000 

3280.68 

I 

0  -  30473 

100 

5471.55  I 

30473  -  48744 

28000 

3382.89 

I 

0  -  29552 

320 

7687.78  I 

29552  -  42556 

90  hs 

4210.94 

I 

30473  -  54214 

500 

8273.52  I 

30473  -  42556 

261 


Sodium 

Na 

Na,  Z  =  11,  M  =  22.9898,  Ratio  7^  =  0.3618 

Lu 

Na  I  Normal  state  of  valence  electrons  2p*'3s  ^Si/2  =  0.  LP.  =  41449  cm"'. 
Na  II  Normal  state  of  valence  electrons  2p^  'So  =  0.  LP.  =  381528  cm"'- 

References 

Wavelengths  and  Classification: 

P.  Risberg,  Ark.  for  Fysik  10,  583  (1956). 


Sodium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm ~' 

Intensity 

and 
Character 

Wavelength  c 

jp  Spectrum 

Energy  levels 
in  cm"' 

300 

3302.37 

0  -  30273 

20000 

5889.95  I 

0  -  16973 

150 

3302.98 

0  -  30267 

10000 

5895.92  I 

0  -  16956 

10  1 

5148.84 

16956  -  36373 

30  1 

6154.23  I 

16956  -  33201 

20  1 

5153.40 

16973  -  36373 

60  1 

6160.75  I 

16973  -  33201 

70  1 

5682.63 

16956  -  34549 

8183.26  I 

16956  -  29173 

1100 

140  1 

5688.20 

I 

16973  -  34549 

2200 

8194.82  I 

16973  -  29173 

262 


Strontium 

Sr,  Z  =  38,  M  =  87.62,  Ratio  1;^  =  1.379 

Sr  I  Normal  state  of  valence  electrons  4^p^5s^  'So  =  0.  LP.  =  45932  cm"'. 
Sr  II  Normal  state  of  valence  electrons  4p*'5s  ^81/2  =  0.  LP.  =  88964  cm"'. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New 
York,  1939). 

Classification: 

Sr  I,  F.  J.  Sulhvan,  Univ.  of  Pittsburgh  Bull.  35, 1  (1938). 

Sr  II,  F.  A.  Saunders,  E.  G.  Schneider  and  E.  Buckingham,  Proc.  Nat.  Acad.  Sci.  U.S.  20, 291  (1934). 


Strontium— all  observed  lines 


Intensity 

and 
Character 


Wavelength 
in  A 


Spectrum 


Energy  levels 
in  cm 


Intensity 

and 
Character 


Wavelength  c 

ij,  ^  Spectrum 


Energy  levels 
in  cm"' 


1400 
1400 
16 
12 
20 

30 
30 
40 
30 
650 

950 
120 
30 
60 
30 

130 

30 
46000 
200 
32000 

340 
35 
6500 
320 
220 

140 
480 
360 

50 

60 
300 

60 
200 
100 

800 
130 
80 
140 
200 


2152.84 
2165.96 
2428.10 
2569.47 
2931.83 

3301.73 
3329.99 
3351.25 
3366.33 
3380.71 

3464.46 
3474.89 
3940.80 
3969.26 
3970.04 

4030.38 
4032.38 
4077.71 
4161.80 
4215.52 

4305.45 
4438.04 
4607.33 
4722.28 
4741.92 

4784.32 
4811.88 
4832.08 

4855.04 

4868.70 

4872.49 
4876.06 
4876.32 
4891.98 

4962.26 
4967.94 
51,56.07 
5222.20 
5225.11 


14556 
14836 
0 
0 
0 

14318 
14504 
14899 
14899 
23715 

24517 
24517 
14318 
14504 
14504 

14899 
14899 
0 

23715 
0 

24517 
14899 
0 

14504 
14318 

14504 
14899 
14.504 
14318 
181.59 

18219 
14504 
14.504 
14899 
18319 

14899 
14899 
201,50 
18159 
18159 


60992 
60992 
41172 
38907 
34098 

44596 
44526 
44730 
44596 
53286 

53373 
53286 
39686 
39691 
39686 

39703 
39691 
24517 
47737 
23715 

47737 
37425 
21698 
35675 
35400 

35400 
35675 
,35194 
35007 
38750 

387.52 
35022 
35007 
35400 
38755 

35045 
3,5022 
39539 
37302 
37292 


200 

5229.27  I 

18219 

— 

37336 

280 

5238.55  I 

18219 

— 

37302 

480 

5256.90  I 

18319 

— 

37336 

35 

h 

5329.82  I 

20150 

38907 

150 

C  A  Cf\  0  A  1 

d4dU.o4  J 

1  QO  1  0 

oOOOU 

700 

5480.84  I 

18319 

- 

36560 

110 

5486.12  I 

18159 

36382 

350 

5504.17  I 

18219 

36382 

260 

5521.83  I 

18159 

36264 

200 

5534.81  I 

18319 

36382 

200 

5540.05  I 

18219 

36264 

25 

h 

5543.36  I 

21698 

39733 

20 

h 

5970.10  I 

21698 

38444 

25 

h 

6345.75  I 

18219 

33973 

25 

h 

6363.94  I 

18159 

33868 

35 

h 

6369.96  I 

18159 

33853 

100 

6380.75  I 

18159 

33827 

90 

h 

6386.50  I 

18319 

33973 

60 

h 

6388.24  I 

18219 

33868 

900 

6408.47  I 

18319 

33919 

25 

6446.68  I 

18319 

33827 

25 

h 

6465.79  1 

21698 

37160 

550 

6504.00  1 

18219 

33590 

100 

6546.79  1 

18319 

33590 

170 

6550.26  1 

21698 

36961 

300 

6617.26  I 

18159 

33267 

80 

6643.54  I 

18219 

33267 

180 

6791.05  I 

14318 

29039 

480 

6878.38  I 

14504 

29039 

120 

6892.59  I 

0 

14503 

5,50 

7070.10  I 

14899 

29039 

6 

71,53.09  I 

21698 

35675 

25 

h 

7167.24  I 

201,50 

34098 

20 

72,32.27  I 

201,50 

33973 

250 

7309.41  I 

201,50 

33827 

50 

7621.. 50  I 

20150 

33267 

40 

h 

7673.06  I 

21698 

34727 

263 


Tantalum 


Ta,  Z  =  73,  M  =  180.948,  Ratio  ^  =  2.848 

Lu 

Ta  I   Normal  state  of  valence  electrons  5d%s^      1/2  =  0.  LP.  =  63600  cm~^ 
Ta  II  Normal  state  of  valence  electrons  5d%s  w/=  0.  I. P.  =  130000  cm~K 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

C.  C.  Kiess,  unpublished  material  (1961). 
Classification: 

Ta  I,   P.  F.  A.  Khnkenberg,  G.  J.  van  den  Berg,  and  J.  C.  van  den  Bosch,  Physica  16,  861  (1950). 
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6995.49  I 

6049  -  20340 

75 

8281.62  I 

9976 

-  22047 
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Tantalum  — all  observed  /inei— Continued 


Intensity 

\_illal  aCici 

Wavelength 
in  A 

Snpf  trii  m 

Energy  levels 
in  cm"' 

Intensity 

v_>  iial  dl^lCl 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

11 

8389.06 

I 

21153  -  33070 

11  h 

8550.49 

I 

12235  -  23927 

5 

8415.73 

I 

9976  -  21855 

15 

8575.92 

I 

13352  -  25009 

25  cw 

8447.62 

I 

13352  -  25186 

10  cw 

8595.84 

I 

13352  -  24982 
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Tellurium 


Te,  Z  =  52,  M  =  127.6,  Ratio  —  =  2.008 

Lu 

Te  I   Normal  state  of  valence  electrons  55^5p^^P2  =  0.  LP.  =  72667  cm"^ 
Te  II  Normal  state  of  valence  electrons  Ss^5p^ '^S°ii2^  0.  LP.  =  150000  cm-i. 

References 

Wavelengths: 

J.  F.  W ard,  unpublished  material  (1969). 

Classification: 

Te  I,  O.  Bartelt,  Z.  Physik  88, 522  (1934). 


Tellurium  —  all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm^' 

Intensity 

and 
Character 

Wavelength  c 

^  "  bpectrum 

Energy  levels 
in  cm"' 

14000 

1994.18 

4751  -  54877 

500 

2259.02  I 

0  -  44253 

26000 

2002.02 

4751  -  54685 

1200 

2383.26  I 

4706  -  46653 

6500 

2081.16 

10559  -  58596 

1500 

2385.78  I 

4751  -  46653 

18000 

2142.81 

0  -  46653 

120 

2530.72  I 

4751  -  44253 

3200 

2147.25 

10559  -  57116 

110 

2677.13  I 

360 

2159.85 

I 

10559  -  56845 

100 

3175.14  I 

23199  -  54685 
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Terbium 


Tb,  Z  =  65,  M  =  158.9254,  Ratio  7^  =  2.501 

Lu 

Tb  I  Normal  state  of  valence  electrons  4^p6s^  "H",/,  =  0.  LP.  =  47200  cm-i. 
Tb  II  Normal  state  of  valence  electrons  4/%5  '^8=  0.  LP.  =  92900  cm-^. 

References 

Wavelengths: 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945). 
Supplemented  by: 

J.  M.  Eder,  Sitzber,  Akad.  Wiss.  Wien,  Math,  naturw.  Kl.  131,  199  (1922). 

A.  S.  King,  Astrophys.  J.  72,  221  (1930). 

P.  F.  A.  Klinkenberg  and  E.  Meinders  (see  below). 

About  70  lines  above  7000  A  were  measured  on  our  plates. 

Classification: 

Tb  I,  P.  F.  A.  Khnkenberg  and  E.  Meinders,  Physica  32, 1113,  1617  (1966);  37, 197  (1967);  38,253  (1968); 

42,213(1969);  50,625(1970);  57,594(1972). 
Tb  II,  E.  Meinders,  Physica  42,  427  (1969)  and  unpubhshed  material  (1969). 

Spectrum  Assignments: 

From  3837  to  4677  A  the  assignment  of  spectrum  is  from  A.  S.  King,  Astrophys.  J.  72,  221  (1930). 
The  rest  of  the  assignments  are  from  our  plates. 


Strong  lines  of  terbium 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

5700 

3509.17 

II 

0 

28488 

1600 

3568.98 

II 

4700 

3702.86 

II 

1016 

28014 

1600 

3600.44 

II 

4200 

3568.52 

II 

0 

28014 

1600 

3901.33 

I 

462  - 

26087 

3800 

3324.40 

II 

1500 

3293.07 

II 

6372  - 

36731 

3800 

3676.35 

II 

1016 

28209 

1500 

3830.26 

I 

285  - 

26386 

3700 

3848.73 

II 

0 

25975 

1300 

3523.66 

II 

3500  w 

3874.17 

II 

0 

25804 

1300 

4061.58 

I 

462  - 

25076 

3200 

3561.74 

II 

3010 

31078 

1200 

3219.98 

II 

3000 

4326.43 

I 

0 

23107 

1100 

3218.93 

II 

2400 

3703.92 

II 

1100 

3540.24 

II 

2400 

3899.20 

II 

3010 

28649 

1100 

3579.20 

II 

2300 

3650.40 

II 

1100 

3755.24 

II 

2200  d 

3976.84 

II 

0 

25138 

1100 

4144.41 

II 

1016  - 

25138 

2200 

4318.83 

I 

0 

23147 

1000 

3285.04 

II 

2100 

3776.49 

II 

II 

3542  - 

30476 

1000  d 

3711.76 

2100 

4033.03 

II 

1016 

25804 

970 

4002.59 

II 

5171  - 

30148 

2000 

3658.88 

II 

1016 

28339 

870 

3747.17 

II 

1900 

4005.47 

II 

1016 

25975 

870 

3747.34 

II 

1800 

3981.87 

II 

3542 

28649 

870 

4032.28 

I 

2310  - 

27103 

1700 

3765.14 

I 

509 

27061 

4336.43 

I 

2771  - 

25825 

870 

1700 

4338.41 

I 

0 

23043 

870 

4356.81 

I 

2771  - 

25717 
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Terbium  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength    c                    Energy  levels 
in  A           pec  rum             in  cm"' 

29 

2577.73 

II 

IQO 
i.y\j 

901:9  14.  II 

110 

2584.61 

II 

75 

2854.20  II 

29 

2590.31 

II 

75 

2854.96  II 

29 

2591.42 

II 

75 

2855.65           II                  0  -  35007 

24 

2592.64 

II 

110 

2857.68  II 

55 

2597.71 

II 

95 

2R61  34  IT 

40 

2602.93 

II 

40 

2864.48  II 

110 

2608.57 

II 

50 

2867.42  II 

40 

2616.90 

50 

2872.32           II                  0  -  34804 

130 

2628.69 

II 

0  -  38030 

40 

2872.55  II 

55 

2655  96 

II 

75 

ZiOO  1  .  ^0  11 

50 

2661.40 

II 

95 

2884.68  II 

24 

2661.64 

II 

75 

2885.90  II 

55 

2667.64 

II 

230 

2886.29  II 

50 

2668.86 

II 

75 

2887.44  II 

140 

2669.29 

n 

50 

PflRR  10  II 

40 

2674!  13 

II 

40 

2888.31  II 

40 

2674.69 

II 

40 

2888.82  II 

29 

2678.15 

II 

75 

2889.66  II 

40 

2683.97 

II 

40 

2892.49  II 

oo 

II 
1 1 

n  _  ^710^ 

lUU 

ZOVH-.H-O  11 

50 

2691.90 

II 

55 

2896.04  II 

35 

2693.05 

II 

320 

2897.44  II 

55 

2693.41 

II 

160 

2898.86  II 

35 

2695.46 

II 

110 

2901.54  II 

50 

II 

9Q0'?  94.  II 

35 

2701.52 

II 

40 

2907.10  II 

190 

2704.07 

II 

110 

2910.30  II 

95 

2706.28 

II 

75 

2911.77  II 

50 

2713.22 

II 

40 

2912.65  II 

35 

2720.89 

II 

40 

2913.39  II 

35 

2724^29 

II 

160 

2914^75  II 

35 

2726.49 

II 

160 

2915.30  II 

65  d 

2730.21 

II 

190 

2915.60  II 

35 

2733.90 

II 

120 

2916.24  II 

35 

2735.45 

II 

1 90 

2918.89  II 

35 

2735^99 

II 

65 

2919^00  II 

130 

2736.24 

II 

120 

2924.16  II 

65 

2742.26 

'  II 

120 

2924.53           II              3010  -  37193 

85 

2743.50 

II 

65 

2925.94  11 

Oo 

971:7  A] 

II 
11 

1 0 

9Q'll  dl  IT 

i  70  1 .  H'  1  11 

160 

2759.47 

II 

160 

2932.89  II 

65 

2760.96 

II 

75 

2933.79  II 

35 

2766.57 

11 

55 

2934.80           11               1016  -  35080 

35 

2767.02 

II 

55 

2936.39  11 

970 

97^0 

II 
1 1 

^74-U.UO  11 

35 

2782. .35 

11 

85 

2941.70  II 

35 

2783.00 

11 

85 

2944.90  II 

130 

2784.49 

11 

95 

2945.70  II 

35 

2785.50 

II 

75 

2946.87  II 

£.  1  7\J  .7.) 

II 
11 

00 

2949.04  11 

180 

2800.51 

II 

55 

2950.04  II 

75 

2800.63 

n 

250 

2956.21  II 

250 

2802.75 

II 

40 

2957.32 

250 

2809.30 

11 

1016  -  36601 

40 

2957.70  II 

inn 

9019  f,A 

Zo  i  Z.Of 

II 
11 

9960                 II                     0  -  3'?767 

40 

2818.48 

II 

55 

2962.78  II 

40 

2819.78 

II 

95 

2963.97  II 

85 

2827.41 

II 

85 

2964.76  II 

75 

2833.03 

II 

55 

2965.32  II 

OO 

9000  70 

IT 
11 

1  70 

90fift  87  II 

40 

2842  00 

II 

40 

2974.15  11 

75 

2843.95 

11 

170 

2977.78  11 

75 

2845.93 

11 

40 

2981.99  II 

55 

2851.04 

11 

110 

2987.03  11 
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Terbium— all  observed  Ziraes— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength    r-      .              Energy  levels 
i          Spectrum             .  _i 
in  A            ^                       in  cm 

110 

2988.57 

II 

95  d 

3091.62  II 

40 

2989.84 

II 

95 

3092.96  II 

85 

2991.96 

II 

65 

3093.20  II 

50 

2992.54 

II 

95 

3096.86  II 

130 

2996.00 

II 

50 

3097.40  II 

110 

2999.03 

TT 
11 

230 

3102.54  II 

1  O 

3002  45 

n 

480 

3102  96  II 

85 

3004.58 

II 

95 

3108.41  II 

130 

3005.52 

II 

65 

3109.15  II 

55 

3007.11 

II 

65 

3109.82  II 

170 

3009.30 

II 
11 

65 

3112.43  II 

55 

3010.12 

II 

50 

3112.53  II 

230 

3010.59 

II 

75 

3113.62  II 

65 

3013.61 

II 

50 

3116.66  II 

230 

3016.18 

II 

75 

3117.26           II              3010  -  35080 

130 

3019.17 

TT 

11 

290 

3117.89  11 

170 

3020.29 

II 

290 

3119.62  II 

55 

302  L  95 

II 

95 

312L43  II 

110 

3023.43 

II 

230 

3121.94  II 

75 

3023.70 

II 

75 

3122.83  II 

170 

3027.33 

II 

230 

3123.05  II 

n 

11 

3124.02  II 

85 

3029.23 

II 

160 

3124.54  II 

230 

3031.60 

II 

95 

3126.16  II 

85 

3032.83 

II 

50 

3128.88  II 

75 

3034.09 

II 

110 

3131.35  II 

oo 

3034.91 

II 

250 

3n4  96  IT 

50 

3037.04 

II 

95 

3135.35  II 

85 

3038.66 

II 

95 

3137.22  II 

50 

3042.07 

II 

50 

3138.63  II 

50 

3042.50 

II 

440 

3139.64  II 

OUt-^  .  OO 

II 

11 

190 

3140  06            TT                1016  -  398S3 

95 

3043.65 

II 

85 

3143.38  II 

230 

3044.96 

II 

230 

3145.22  II 

50 

3047.00 

II 

150 

3146.67  II 

50 

3050.57 

II 

310 

3147.04  II 

190 

3051 . 13 

II 

310 

3147.15  II 

95 

30,52.18 

II 

65 

3148.21  II 

130 

3053.24 

II 

310 

3148.71  II 

460 

3053.55 

II 

65 

3154.69  II 

50 

3061.80 

II 

65 

3155.10  II 

1 

OUU^ .  1  o 

190 

IISS  69  TT 

230 

3064.09 

II 

50 

3156.52  II 

50 

3064.51 

II 

50 

3157.49  II 

50  h 

3065.17 

II 

75 

3158.66  II 

110 

3065.69 

II 

95 

3159.22  II 

oUO.j.  oO 

IT 
1 1 

70 

Q] CO  ■jq  II 

O  1 0  7 .  07  11 

230 

3067.20 

II 

130 

3162.42  II 

270 

3069.03 

II 

290 

3162.93  II 

460 

3070.05 

II 

95 

3163.85  II 

270 

3072.60 

II 

75 

3164.10  II 

cc 
00 

Qfi?  1  7  1 

M 
11 

yo 

SlAd,  77  IT 

95 

3076.06 

II 

190 

3165.74  II 

670 

3078.86 

II 

380 

3167.52  II 

65 

3080. 1 1 

II 

140 

3168.32  II 

95 

3081.55 

II 

50 

3168.59  II 

oo 

oUoZ  .U  1 

11 
11 

910 

3169.84  II 

480 

3082.36 

II 

95 

317L19  II 

75 

3083.81 

II 

190 

3173.76  II 

65 

3085.99 

II 

380 

3174.66  II 

120 

3086.78 

II 

75 

3175.45  II 

65 

3087.54 

II 

DU 

0 1 70  QA  TI 

250 

3088.43 

II 

380 

3180.54  II 

50 

3089.10 

II 

50 

3181.22  II 

480 

3089.58 

II 

95 

3183.28  II 
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Terbium  — all  observed  /tVies— Continued 


Intensity 
snd 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

bpectrum 

Energy  levels 
in  cm"' 

95 

o1oo.d4 

TT 
11 

230 

3264.90 

II 

140 

3183.88 

II 

75 

3965  Q3 

II 

95 

3186.23 

II 

400 

3266.40 

II 

480 

3187.26 

II 

0  -  31365 

190 

3268.10 

II 

290 

3188.03 

II 

150 

3268.52 

II 

90 

Ql QQ  CC 

olob.oo 

XT 
11 

75 

3270.63 

II 

50 

3188.83 

II 

150 

327?  35 

11 

lUlU  OlOUU 

95 

3189.97 

II 

250 

3274.14 

II 

50 

3190.72 

II 

250 

3274.33 

II 

65 

3192.76 

II 

65 

3275.66 

II 

0  1  CiA    1  O 

olV4.  lo 

TT 
11 

210 

3277.32 

II 

190 

3194.69 

II 

110 

3277.73 

II 

380 

3195.60 

II 

760 

3280.31 

II 

0  -  30476 

50 

3198.02 

II 

760 

3281.40 

II 

480 

3199.56 

II 

520 

3283.10 

II 

1  C  A 

ioU 

11 

50 

O  OO  O    O 1 

3283.81 

TT 
11 

95 

3202.70 

II 

1000 

3285.04 

II 

65 

3202.95 

II 

150 

3285.21 

II 

75 

3207.09 

II 

50 

3286.98 

II 

130 

3207.53 

II 

310 

3287.55 

II 

95 

3207.96 

II 

310 

3291.56 

II 

65 

3209.54 

II 

1500 

3293.07 

II 

6372  -  36731 

50 

321o!oi 

II 

110 

3294.00 

II 

1016  -  31365 

150 

3210.22 

II 

210 

3295.33 

II 

95 

3215.01 

II 

110 

3298.20 

II 

1100 

3218.93 

II 

310 

3298.66 

II 

1200 

3219.98 

11 

110 

3304.10 

II 

95 

3220.17 

II 

110 

3304.26 

II 

50 

3222.37 

II 

210 

3304.95 

II 

95 

3222.97 

II 

110 

3305.37 

II 

50 

3227.48 

IT 
11 

75 

3306.41 

T  T 
11 

150 

3229.19 

11 

420  d 

3307.44 

II 

250 

3230^03 

II 

85 

3307.80 

II 

250 

3231.06 

II 

210 

3308.51 

II 

95 

3231.46 

II 

110 

3309.17 

II 

85 

1  rt  1  o  f\c\ 

3232.00 

I  T 
11 

50 

3310. 10 

I T 
11 

50 

3232.73 

11 

75 

3310.37 

II 

95 

3234.50 

II 

110 

3310.80 

II 

110 

3235.78 

11 

0  -  30895 

150 

3312.53 

II 

95 

32,36.20 

II 

- 

150 

3312.78 

II 

210  d 

3239.60 

II 

210 

3314.38 

II 

250 

3240.00 

II 

50 

3314.70 

II 

190 

3240^65 

II 

110 

3315^07 

II 

75 

3243.20 

II 

50 

3317.58 

II 

50 

3244.60 

11 

110 

3319.16 

I 

0  -  30119 

95 

3245.17 

II 

340  d 

3321. 15 

II 

OU 

II 
11 

4.90 

00£.Z-,  zo 

IT 

11 

50 

3247.18 

II 

210 

3323.38 

II 

65 

3249.61 

II 

210 

3323.89 

II 

50 

32.50.75 

II 

3800 

3324.40 

II 

50 

3250.95 

II 

150 

3325.49 

T  I 
11 

1  A 1  £         o  1  f\n  o 

1016  -  31078 

1  Ov 

n 

110 

3327. 1 1 

II 

480 

3252.32 

II 

520 

3329^08 

II 

65 

3253.54 

II 

110 

3333.21 

II 

65 

3255.22 

II 

120 

3333.93 

II 

95 

3259.38 

II 

1 10 

3334.25 

T  T 
11 

ion 

II 
11 

210 

3334  48 

II 

50 

3260.66 

II 

110 

3335.42 

II 

95 

3260.83 

II 

250 

3336.70 

II 

190 

3261.74 

II 

310 

3338.03 

II 

95 

3262.68 

11 

250 

o  1  o  r\  c\f\ 

3339.00 

11 

OCA 

zoU 

ozoz.y / 

II 
11 

0007.  0 1 

II 
11 

50 

3263.65 

II 

50 

3.342.98 

II 

230  d 

3263.87 

II 

120 

3343.77 

II 

50 

3264.06 

II 

50 

3343.93 

II 
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Terbium  — all  observed  Ziraes— Continued 


Intensity 

and 
Character 

Wavelength  c 

;^  ^  Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

spectrum 

Energy  levels 
in  cm"' 

004'0 

OZ  11 

210 

3410.68 

II 

3542  -  32853 

OUT*  ( 

97  TT 
i  11 

ozu 

QAl  1  7A 
O^-IO.  10 

TT 
11 

210 

3348 

07  II 

270 

3416.24 

II 

85 

3348 

23  II 

85 

3417.72 

II 

150 

3348 

54  II 

55 

3417.91 

II 

1  uu 

^^4Q 

49  TT 
11 

55 

3418.86 

II 

inn 

ooo  1 

AA  TT 
^4  11 

cc 

OO 

o'tio.yo 

TT 

180 

3352 

89  II 

85 

3419.54 

II 

50 

3356 

18  II 

400  d 

3420.34 

II 

120 

3357 

37  II 

190 

3422.44 

II 

oooo 

i.f\  TT 

4-0  11 

75 

3423.05 

II 

1  in 

oooy 

Hfi  TT 

OU  11 

1 10 

0A9^  Of, 

IT 
11 

50 

3360 

05  II 

190  d 

3424.35 

II 

50 

3360 

29  II 

110 

3424.66 

II 

320 

3362 

25  II 

55 

3425.92 

II 

1 1  n 

1  lU 

Z4  11 

110  d 

3428.16 

II 

QC 

oo 

oo04 

00  11 

JO 

04.90  71 
04^0.  (  1 

IT 
11 

760 

3364 

93  II 

55 

3429.09 

II 

110 

3365 

27  II 

210 

3430.61 

II 

150 

3367 

18  II 

55 

3431.86 

II 

o  on 

d 

3370 

61  U 

110 

3432.35 

II 

0  OA 

0  0  "7  1 

337 1 

C  A                    T  T 

50  11 

1  in 

04.09  OA 

II 
11 

520 

3372 

36  II 

320 

3433.26 

II 

460 

d 

3372 

72  II 

55 

3434.54 

II 

190 

3374 

41  II 

75 

3434.92 

II 

C  OA 

3375 

AO  IT 
03  11 

75 

3435.53 

II 

1  1  A 

S6lb 

00  11 

OO 

^/I'iA  07 

II 
11 

160 

3376 

66  II 

190 

3438.57 

II 

190 

3377 

66  II 

75 

3439.05 

II 

110 

3378 

40  II 

270 

3439.72 

II 

66  Its 

no  II 

73  11 

520 

3440.37 

11 

^  OA 

0  0  "70 
00  10 

0£.  II 
00  11 

04H*  1 .00 

TI 
11 

85 

3379 

15  II 

320 

3444.58 

II 

160 

3380 

60  II 

210 

3446.40 

II 

85 

3380 

89  II 

270 

3449.46 

II 

9  OA 

OOOZ 

OA  II 

oO  11 

110 

3450.30 

II 

1  1  A 

d 

0  0  o/; 
OOOO 

Ad  II 

4V  11 

1  in 

^7 

IT 
11 

85 

3388 

37  II 

75 

3453.46 

II 

55 

3388 

63  II 

810 

3454.06 

II 

110 

3390 

02  II 

110 

3455.35 

II 

O  1  A 

z  10 

3390 

60  II 

55 

3455.99 

II 

380 

3391 

28  II 

1  in 

1  lU 

04c:/; 
0400. JO 

11 
11 

75 

3391 

72  II 

160  h 

3457.03 

II 

160 

3392 

01  II 

190 

3458.71 

II 

55 

3393 

01  II 

380 

3460.38 

II 

160 

3393 

49  II 

1016  -  30476 

190 

3461.00 

II 

110 

3394 

77  II 

oin  A 
ZoU  u 

Q/IA9  Q7 

11 

160 

3395 

09  II 

11 

55 

3464.63 

II 

55 

3397 

60  II 

110 

3465.98 

II 

270 

3398 

35  II 

75 

3466.92 

II 

85 

3398 

58  II 

620 

3468.03 

II 

320 

3399 

10  II 

O'+OV.  /U 

IT 
11 

85 

3399 

■^n  II 

75 

3469.85 

II 

110 

3399 

97  II 

160 

3470.36 

II 

270 

3400 

53  II 

270 

3471.73 

II 

210 

d 

3400 

86  II 

270 

3472.37 

II 

420 

3402 

33  II 

Bin  A 
0  lu  a 

0479  70 

II 
11 

XUlO  —  ZVoUo 

rr 
OO 

0  ;1  AO 

04UZ 

70  II 

lis  11 

210 

3473.00 

II 

55 

3404 

24  II 

55 

3473.28 

II 

160 

3404 

71  II 

75 

3473.79 

II 

190 

3406 

01  II 

55 

3475.72 

II 

40 

3407 

10  II 

1  1  A 

1 10 

0  A nc  1 0 

3476. 12 

II 
11 

85 

3408 

86  II 

110 

3476.29 

II 

160 

d 

3409 

94  II 

55 

3479.29 

II 

210 

3410 

40  II 

380 

3480.17 

II 
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Terbium—  all  observed  Zme5— Continued 


Intensity 
3nd 

Wavelength 
in  A 

0|JCdI  Ulll 

Energy  levels 
in  cm"' 

Intensity 

and 
v<  iidracier 

Wavelength 
in  A 

opcctrum 

Energy  levels 
in  cm"' 

QC 
00 

XT 

rr 
OO 

OCACi  O  1 

oo4V.zl 

75 

3482.80 

II 

150 

3549.36 

II 

230 

3483.04 

II 

310  d 

3551.03 

230 

3483.69 

II 

320 

3551.96 

II 

no 

3487.28 

II 

160 

3555.29 

OO 

O'to  /  .OZ 

TT 
11 

cc 
OO 

OCCA  AC 

oooo.Uo 

290  d 

3489.51 

II 

0  -  28649 

no 

3556.25 

no 

3489.78 

II 

75 

3558.09 

75 

3491.24 

II 

6372  -  35007 

460  d 

3558.77 

210  d 

3492.00 

II 

55 

3559.14 

1  AH 

TT 
11 

zyu 

Oreo  QO 
oooV.oV 

T 
1 

OQC  OQ070 
ZOO  —  Zoo  t  Z 

no 

3492.99 

II 

230 

3559.76 

II 

270 

3494.21 

II 

3200 

3561.74 

II 

3010  -  31078 

160 

3494.92 

I 

285  -  28890 

480 

3562.90 

II 

270 

3495.36 

II 

160 

3565.34 

c  c 
00 

TT 
11 

0  l\J 

OODO.  /4 

160 

3499.33 

I 

810 

3567.35 

II 

3542  -  31566 

160 

3500.28 

II 

0  -  28561 

4200 

3568.52 

II 

0  -  28014 

810 

3500.84 

II 

3010  -  31566 

1600 

3568.98 

II 

95 

3504.04 

II 

320 

3572.07 

II 

140 

oo04.7o 

11 

160 

3575.90 

T 
1 

3174  -  31131 

no 

3505.09 

II 

160 

3576.64 

270  d 

3505.90 

II 

230 

3576.83 

I 

2840  -  30789 

75 

3506.56 

II 

230 

3577.08 

570 

3507.45 

II 

6372  -  34875 

no 

3578.70 

5700 

3509.17 

T  I 
11 

0  -  28488 

1100 

firm  n/\ 

3579.20 

TT 

II 

380 

3510.10 

II 

710 

3585.03 

II 

3010  -  30895 

95 

3511.04 

II 

570 

3587.44 

II 

160 

3512.60 

II 

no 

3587.76 

I 

5484  -  33348 

320 

3513.10 

II 

no 

3589.53 

z90 

TT 
11 

r  r 
00 

0  C  A  1  OA 

3591.39 

290 

3515.04 

11 

no 

3591.66 

II 

no 

3515.44 

II 

230  cw 

3593.07 

II 

3542  -  31365 

210 

3516.14 

II 

6372  -  34804 

no 

3593.75 

160 

3516.63 

I 

462  -  28890 

75 

3594.65 

I 

285  -  28096 

lou 

0  c  1  o  fin 

T 
1 

oov  —  zoyiy 

1  1  A 
111) 

OCA/1  AO 

TT 
11 

570 

3519.76 

II 

810 

3596.38 

II 

160 

3520.79 

II 

440 

3598.06 

II 

55 

3522.92 

II 

190 

3600.04 

55 

3523.20 

II 

1600 

3600.44 

II 

1300 

3523.66 

TT 
11 

1  1  A 
1  10 

OOUl.  ID 

TT 
11 

380 

3525.14 

II 

320 

3604.90 

II 

440 

3.525.61 

II 

3010  -  31365 

290 

3606.04 

II 

160 

3525.79 

II 

290 

3606. 16 

II 

85 

3526.73 

II 

55 

3608.25 

II 

no 

3529.76 

II 

320 

3611.33 

TT 
11 

210 

353 1  70 

II 

270 

3611.41 

II 

5171  -  32853 

160 

3532^70 

11 

160 

3613.06 

II 

140 

3533.86 

II 

95 

3613.36 

II 

440 

3536.32 

II 

230 

3613.68 

II 

6912  -  34577 

85 

3536.62 

I 

1371  -  29638 

320 

3614.63 

TT 
11 

3537. 1 1 

II 

320  d 

3615.66 

II 

no 

3537^69 

320 

3616.58 

II 

570 

3537.94 

II 

380 

3617.86 

II 

1016  -  28649 

140 

3538.90 

160 

3618.18 

II 

140 

3539.81 

1  1  A 
1  lU 

0/^  1  O  AA 

oolo.yu 

IT 
11 

1 100 

3540.24 

II 

380 

3619.73 

II 

5234  -  32853 

no 

354l'75 

130 

3622.11 

II 

290 

,3,543.23 

11 

290 

3623.92 

II 

810 

3543.89 

II 

0  -  28209 

no 

3624.80 

II 

95 

3544.36 

II 

810 

TT 
11 

c  r 
OO 

004.J.4U 

II 
1  1 

,)  1  u 

IT 

75 

3546.05 

II 

160 

3626.87 

II 

290 

3546.52 

290  d 

3628.20 

II 

110 

3548.82 

380 

3629.44 

II 

1016  -  28561 
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Terbium  —  all  observed  /traes  — Continued 


Intensity 
cind 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

Intensity 

Wavelength 
in  A 

OpCCll  Ulll 

Energy  levels 
in  cm"' 

oOoU.zo 

TT 
11 

Q7AO  QA 

TT 
11 

110 

3631.46 

II 

1000  d 

3711.76 

II 

3542  -  30476 

670 

3633.29 

II 

5171  -  32687 

80 

3714.37 

II 

190 

3635.42 

II 

140 

3716.08 

II 

670 

3638.46 

II 

200 

3716.43 

II 

1 

OOoO.OV 

I 
i 

4'OZ  Z/Voo 

1  CiCl 

Q71  7/17 

OIL  1  .^t 

TT 
11 

290 

3639.82 

II 

3010  -  30476 

80 

3717.90 

I 

509  -  27399 

670 

3641.66 

II 

5234  -  32687 

40 

3718.24 

II 

290 

3642.68 

II 

180 

3718.44 

II 

75 

3643.26 

II 

300 

3719.45 

II 

ID 

oD4o. 10 

IT 
11 

LIU 

Q70Q  r\A 

TT 
11 

C 1 71  OOAOO 

95 

3644.13 

II 

45 

3723.84 

II 

230 

3645.38 

II 

140 

3724.92 

I 

110 

3645.82 

II 

85 

3725.32 

II 

95 

3646.46 

II 

75 

3728.65 

/iAfi 

00'+  /  .uo 

11 

loU 

570 

3647.75 

II 

650 

3729.91 

II 

95 

3649.41 

II 

85 

3731.00 

I 

2300 

3650.40 

II 

150 

3731.52 

I 

2419  -  29210 

290 

3650.93 

II 

430 

3732.39 

II 

0/1 C  1  0£. 

oool.oo 

TT 
11 

Q  700  iC  C 

3732.00 

T 
1 

o9o9  -  33772 

230 

3652.26 

II 

130  d 

3734.80 

190 

3652.97 

II 

3735.04 

160 

3653.87 

II 

45 

3738.45 

810 

3654.88 

II 

3542  -  30895 

170 

3740.32 

TT 
11 

2000 

3658.88 

II 

1016  -  28339 

220 

3741.58 

II 

120 

3659.45 

II 

260 

3741.89 

100 

3660.44 

II 

170  d 

3742.43 

200 

3660.75 

II 

430 

3743.09 

JOOO.  iz 

TT 
11 

1  /U 

90 

3665.60 

II 

650 

3745.04 

1371  -  28065 

40 

3668.00 

II 

75 

3746.30 

I 

3719  -  30405 

80 

3668.50 

II 

220 

3746.54 

260 

3669.64 

I 

285  -  27528 

870 

3747.17 

II 

100 

3674.05 

T  T 
11 

07A 

0  7/17  OA 

TT 
11 

220 

3675.78 

II 

5171  -  32369 

85 

3748.80 

II 

3800 

3676.35 

II 

1016  -  28209 

130.- 

3749.70 

2310  -  28971 

300 

3677.89 

II 

75  d 

3750.24 

I 

3174  -  29832 

100 

3678.78 

II 

45 

3751.35 

I 

6989  -  33638 

810 

3682.26 

II 

45 

3751.62 

220 

3684.81 

II 

85 

3753.00 

J 

4695  -  31333 

320 

3688.15 

II 

85 

3753.52 

240 

3689.12 

II 

1100 

3755.24 

II 

120 

3689.72 

II 

45 

3757.05 

I 

2310  -  28919 

610 

3691. 15 

II 

430 

3757.44 

TT 
11 

3542  -  30148 

300 

3692.95 

II 

430  d 

3757.90 

II 

450 

3693^58 

I 

462  -  27528 

650 

3759!35 

2840  -  29433 

140 

3694.75 

II 

85 

3760.02 

I 

1371  -  27959 

170 

3696., 30 

II 

120 

3760.13 

I 

5484  -  32071 

320 

3696.85 

II 

350 

3761. 14 

{ 

2310  -  28890 

200 

II 

65 

3762.51 

450 

3700.12 

I 

509  -  27528 

65 

3762^74 

200 

3701.15 

I 

462  -  27473 

85 

3763.96 

I 

6351  -  32911 

150 

3701.33 

I 

285  -  27295 

1700 

3765.14 

I 

509  -  27061 

80 

3701 .50 

T  T 
11 

OAA 

07A7  CA 

TT 
U 

4700 

3702  86 

II 

1016  -  28014 

85 

3769.43 

300 

3703.12 

I 

45 

3771.03 

80 

3703.50 

II 

160 

3775.26 

II 

6372  -  32853 

2400 

3703.92 

II 

2100 

3776.49 

II 

240 

3705.06 

I 

509  -  27492 

1  OA 

izu 

0777  AQ 

o  1  UO. 

11 
11 

330 

3779.22 

100 

3706.80 

I 

3819  -  30789 

65 

3782^18 

100 

3708.42 

I 

462  -  27420 

55 

3782.62 

I 

180 

3708.76 

II 

600 

3783.53 

I 

285  -  26708 
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Terbium  —  all  observed  /irees— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

55 

3784.15 

J 

260 

3886.82 

II 

120 

3785.38 

160  d 

3887.64 

II 

1016 

— 

26731 

410 

d 

3787.22 

II 

3010  -  29407 

160 

3887.88 

I 

2840 

- 

28554 

120 

0'7O'7  /;A 

480 

3888.22 

I 

•J 70*7  "71 

95 

3889.84 

II 

160 

3789.00 

65 

3890.95 

I 

120 

3789.68 

160 

3893.38 

II 

410 

3789.92 

65 

3893.69 

I 

6488 

- 

32163 

120 

3791.05 

} 

2840  -  29210 

160 

3894.46 

II 

3792.20 

5353  -  31715 

490 

3894.64 

I 

75 

3793.25 

65 

3895.08 

I 

4646 

_ 

30313 

600 

3793.55 

65 

3895.37 

I 

6351 

— 

32016 

130 

3796.25 

3719  -  30054 

330 

3895.99 

I 

2840 

- 

28500 

75 

3797.00 

5829  -  32159 

330 

3896.58 

II 

3798.59 

45 

3897.26 

I 

1 171 

O7AOQ 

200 

3798.95 

II 

330 

3897.89 

I 

509 

_ 

26157 

75 

h 

3801.36 

2400 

3899.20 

II 

3010 

_ 

28649 

330 

3801.80 

II 

160 

3899.57 

II 

160 

3802.17 

II 

130 

3900. 74 

I 

2419 

- 

28048 

1  rt/^  d  An 

3804.42 

509  -  26787 

1600 

3901.33 

I 

40z 

zoUo/ 

95 

3806.26 

95 

3901  68 

II 

760 

d 

3806.85 

II 

3542  -  29803 

95  d 

3902.00 

II 

40 

d 

3810.57 

30 

3903.08 

I 

3819 

- 

29433 

240 

3811.65 

75 

3904.17 

I 

3719 

— 

29326 

3812.73 

55 

3906.54 

II 

240 

3813.16 

480 

3908.06 

I 

462 

_ 

26043 

150 

d 

3814.96 

65 

3908.68 

I 

285 

25862 

120 

3816.27 

380 

3909.14 

I 

285 

- 

25859 

240 

3816.89 

330 

3909.55 

I 

5830 

— 

31401 

1  C  A 

150 

3820.11 

II 

95 

3910.14 

II 

75 

3821.00 

I 

509  -  26673 

160 

3910.40 

I 

120 

3823.12 

I 

2840  -  28989 

160 

3910.84 

I 

65 

3824.14 

110 

3912.26 

0 

- 

25553 

75 

h 

3826.74 

75 

3912.77 

II 

65 

3828.74 

I 

2310  -  28421 

280 

3913.48 

I 

7060 

0  O/:  AC 

32605 

1500 

3830.26 

I 

285  -  26386 

150 

3914.63 

I 

2310 

27848 

75 

3832.63 

I 

2419  -  28503 

650 

3915.43 

I 

285 

25818 

540 

3833.42 

I 

2840  -  28919 

65 

3916.64 

I 

3719 

- 

29244 

180 

3834.02 

I 

509  -  26584 

45 

3916.94 

I 

5425 

- 

30948 

75 

3837.18 

I 

75 

3917.30 

I 

285 

25806 

150 

■?8'?7  83 

I 

285  -  26334 

95 

3918.78 

II 

920 

d 

3842.50 

II 

75 

3919^02 

I 

3174 

_ 

28684 

180 

3842.98 

480 

3919.52 

II 

6372 

- 

31879 

370 

d 

3845.61 

II 

6372  -  32369 

150 

3920.72 

II 

180 

3847.88 

I 

5425  -  31406 

300 

3922. 10 

II 

3700 

3848  73 

\\ 

0  -  25975 

480 

3922.74 

II 

45 

3849.. 59 

I 

509  -  26479 

150 

3923^31 

II 

110 

w 

3851.37 

65  d 

3924.42 

II 

260 

3851.86 

II 

110 

3924.81 

II 

75 

3855.38 

I 

4646  -  30577 

760 

3925.45 

II 

5171 

30639 

170 

3855  58 

II 

65 

3929.75 

I 

140 

3868.90 

II 

75 

3929.89 

I 

285 

25724 

450 

d 

3869.75 

II 

55 

3930.76 

II 

85 

3873.00 

I 

285  -  26098 

220 

3932.35 

I 

3719 

- 

29142 

210 

3873.78 

II 

130 

3934.38 

I 

3500 

3874. 17 

II 

0  -  25804 

650 

3935.24 

II 

240 

3875^22 

II 

65 

3937.13 

I 

5829 

_ 

31221 

65 

3876.69 

I 

509  -  26297 

160 

3937.61 

I 

2310 

_ 

27699 

130 

3878.23 

II 

65 

3938.07 

I 

1371 

26757 

95 

3879.99 

I 

810  d 

3939.52 

II 

0 

25376 

95 

3R80  35 

I 

260 

3941.21 

II 

95 

3881.29 

I 

285  -  26043 

220 

3942.21 

II 

260 

3881.76 

II 

110 

3942.93 

I 

2310 

27664 

330 

3883.34 

I 

509  -  26253 

95 

3943.66 

I 

509 

25860 

200 

3885.09 

I 

1371  -  27103 

160 

3944.88 

II 
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Terbium  —  all  observed  /mes— Continued 


Intensity 

dnd 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

OOVJ 

3946.89 

II 

3010  -  9ftHQ 

1 10 

4018.45 

I 

6488 

_ 

31366 

45 

3947.25 

I 

7824  -  33151 

370 

4019.14 

II 

260 

3948.35 

II 

540 

4020.47 

II 

65 

3949.51 

II 

220 

4022.88 

I 

210 

3950.13 

I 

509  -  25818 

180  d 

4024. 10 

II 

210 

3950  43 

I 

3819  -  ?Q19fi 

i7n 

4024.77 

I 

509 

_ 

25349 

65 

3951.87 

I 

170 

4025.73 
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I 
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24 
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I 

8277  - 

27611 

70 

4747.80 

I 

8646  -  29702 

50 

5176.51 

I 

285  - 

19598 
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cw 

4752.53 

II 
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50 

5179.97 

j 

8277  - 
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40 
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cn 

50 
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5184.59 
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27923 

30 

4762.37 

II 

1016  -  22008 

50 

5188.48 

I 

8190  - 

27458 

25 

4764.47 

II 

50 

5198.86 

8190  - 

27420 

35 

4778.36 

II 

35  w 

5202.77 

} 

8277  - 

27492 

35 

4778.80 

II 

40 

5204.55 

8190  - 

27399 

180 

4786.78 

I 

2840  -  23725 

40 

5207.97 

J 

8277  - 

27473 

40 

cw 

4789.91 

II 

6372  -  27244 

19 

5209.34 

II 

30 

4801.87 

II 

40 

5214.28 

100 

4813.77 

I 

40 

5221.99 

462  - 

19606 

60 

4837.59 

II 

120 

5228.12 

8277  - 

27399 
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Terbium  — all  observed  /ines— Continued 
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in  A 
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Energy  levels 
in  cm"' 
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and 
Character 

Waveleneth 
m  A 
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Knergy  levels 
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40 

5235.11 

509  -  19606 

17 

5712.45 

II 

75 

^OAQ  71 

^OO  IVoOZ 

OO  C 

0  /  4  / .  OO 

75 

w 

5262.11 

II 

3010  -  22008 

9 

5761.62 

II 

13 

5264.92 

24 

5762.66 

285  -  17634 

19 

w 

5272.07 

II 

24 
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II 

6372  -  23653 

24 
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75 
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6337.85 

JJ 

1 1 

5572.82 

I 

1371  -  19310 

9 

6356.40 

JJ 

19 

5586.96 

I 

9 

6359.88 

II 

19 

5589.56 

17  c 

/:L/1AC  A"? 

}{ 

11 

5591.62 

II 

13 

6424.43 

11 

II 

t  1 

10  c 

6441.03 

I 

6351  -  21873 

19 

OUOU.  «JU 

24 

6446.87 

JJ 

29 

c 

5638.80 

I 

10  c 

6461.74 

II 

19 

c 

5645.75 
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Terbium  —  all  observed  /trees— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm^' 

Intensity 

and 
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Energy  levels 
in  cm"' 

17 

6527.63 

II 

45 
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I 

9 

6562.50 

II 

17 

7499.69 

II 

24 

c 

6574.04 

II 

27 

I 

35 

6581.82 

I 

7511.40 

14 

6593.66 
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3719  -  18882 

9 

7519.77 
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7311.57 

I 
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10 
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4695  -  16453 

15 

h 

7424.24 
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13 
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10 
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7429.62 
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30  h 

8511.80 

I 

7060  -  18805 

45 

8583.45 

II 
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7472.15 

I 

30 

8603.40 

I 

22 
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I 
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8678.25 
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3819  -  15339 

9 

7495.45 

I 

285  -  13622 

65 

8765.74 

II 
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Thallium 

Tl,  Z  =  81 ,  Af  =  204.4,  Ratio  ^  =  3.216 

Tl  I  Normal  state  of  valence  electrons  6s^  6p  ^P°/2  =  0.  I. P.  =  49267  cm~^ 
Tl  II  Normal  state  of  valence  electrons  65^  ^So  =  0.  I. P.  =  164765  cm"^ 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 
Classification: 

Tl  I,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 


Thallium— all  observed  lines 


Intensity 

and 
Character 

Wavelength  c 

^  Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

140 

2315.98  I 

0  -  43166 

2800 

2918.32 

I 

7793  -  42049 

900 
700 
60 
80 

h 

2379.69  I 
2580.14  I 
2608.99  I 
2665.57  I 

0  -  42011 
0  -  38746 
7793  -  46110 
7793  -  45296 

440 
1200 
20000 
5000 

2921.52 
3229.75 
3519.24 
3529.43 

7793  -  42011 
7793  -  38746 
7793  -  36200 
7793  -  36118 

420 

2709.23  I 

7793  -  44693 

12000  cw 

3775.72 

0  -  26478 

50 

h 

2710.67  I 

7793  -  44673 

18000 

5350.46 

7793  -  26478 

4400 

d 

2767.87  I 

0  -  36118 

16  h 

6549.77 

26478  -  41741 

280 

2826.16  I 

7793  -  43166 

6  h 

6713.69 

26478  -  41368 
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Thorium 


Th,  Z  =  90,  M  =  232.0381,  Ratio  —  =  3.651 


Th  I   Normal  state  of  valence  electrons  6d^ls^  ^¥2  =  0.  LP.  =  49000  cm-i. 
Th  II  Normal  state  of  valence  electrons  dd^ls  4Fi,/j  =  0.  LP.  =  96000  cm-^ 

References 

Wavelengths  and  Spectrum  Assignments: 

R.  Zalubas,  NBS  Monograph  17  (1960)  and  unpublished  material  (1969). 

Classification: 

Thi,    R.  Zalubas,  J.  Opt.  Soc.  Am.  58,  1195  (1968)  and  unpubHshed  material  (1969). 

Th  II,   R.  Zalubas  and  C.  H.  Corliss,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  78A  (Phys.  and  Chem.),  No.  2, 

163-246  (Mar.- Apr.  1974). 
Th  III,  P.  F.  A.  KUnkenberg,  Physica  16,  618  (1950); 

U.  Litzen,  Phys.  Scr.  10,  103  (1974). 


Strong  lines  of  thorium 
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1100 
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620 
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31811 

1100 
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4490 

27257 
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1522 

31353 

620 

3358.60  II 

1860  - 

31626 

980 

3402.70 

II 

6214 
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620 
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7332  - 

31259 

620 

4208.89  II 

6700  - 

30453 
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3434.00 

II 
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3721.82 
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530 
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25027 

700 

3675.57 

II 

1522 

28721 

520 

2747.16  II 

0  - 

36390 

700 

4085.04 

II 
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34662 

510 

3108.30  II 

6700  - 

38863 

700 

4086.52 

II 

0 

24464 

510 

3119.53  II 

4147  - 

36194 

700 

4094.75 

II 

0 

24415 

510 

3122.96  II 

6168  - 

38180 

700 
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II 

6168 

29515 
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3321.45  II 

4113  - 

34212 
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3078.83 

II 

4113 

36584 

510 

3762.88  II 

6168  - 

32736 

670  d 

3511.56 

II 

4490 

32960 

3762.94  I 

3688  - 

30255 

3511.67 

II 

15305 

43733 

500 

2565.59  II 

1860  - 

40826 
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Thorium—  all  observed  lines 
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2326.93 

II 

1860 

44822 

11 

2576.32  II 

13468 

— 

52272 

OO 

ZOD'*.\JO 

II 
11 

9061 

51529 

onn 

0C-7A  AH  11 

zo/o.oy  11 

4147 

42944 

85 

2356.76 

II 

Q 

4.941  R 

100 

2579.43  II 

44yu 

40Z4  I 

40 

2366.04 

II 

1522 

_ 

43774 

23 

2580.35  II 

10379 

I 

49121 

95 

2366.99 

II 

9712 

- 

51947 

55 

2580.70  II 

4490 

— 

43228 

40 

2368.05 

II 

4490 

46706 

35 

2583.45  II 

13250 

— 

51947 

9070  OA 
Lo  i0.04 

IT 
11 

0 

42113 

14 

OCOA   1  C  II 

zooo.  lo  11 

10189 

48844 

85 

2375.08 

II 

4490 

46 '^89 

11 

2587.24  II 

0100 

4-4'OUO 

190 

2377.84 

II 

4113 

_ 

46156 

230 

2589.06  II 

1860 

_ 

40472 

55 

2384.36 

II 

12570 

- 

54497 

55 

2595.03  II 

8379 

- 

46903 

55 

2388.14 

II 

1522 

43383 

230 

2597.05  II 

0 

38494 

00 

oaoQ  1 1 
ZoVo. 1 1 

TI 
11 

4490 

46264 

9  in 

OAfin  QQ  IT 
ZOUU.OO  11 

9238 

47675 

90 

2404.17 

II 

00 1 7 

40061 

28 

2607.48  II 

1  ^99 

O7OOZ 

90 

2404.50 
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3511.56 

JJ 

4490 

32960 

110 

3589.15 

JJ 

6700 

_ 

34553 

3511.67 
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Thulium 

T 

Tm,  Z  =  m,M=  168.9342,  Ratio  ^=2.658 

Tm  I    Normal  state  of  valence  electrons  ^P^6s'^  ^Yl^i^  =  0.  LP.  =  49880  cm -\ 
Tm  II  Normal  state  of  valence  electrons  4/i36s  ^Y\  =  Q.  LP.  =  97200  cm-i. 
Tm  III  Normal  state  of  valence  electrons  4/^3  2F3 1/2=  0.  LP.  =  191000  cm-i. 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

1          . 1 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

320 

3264.10 

II 

0 

- 

30627 

8500 

3462.20 

II 

0 

- 

28875 

1600 

3266.64 

II 

237 

- 

30841 

210 

3467.51 

I 

15587 

- 

44418 

1  OAA 

1200 

O20/.4U 

11 

8957 

39554 

340 

3476.69 

T 
1 

13119 

41874 

790 

TT 
11 

0  /I  A 

OylOA  AO 

34o0.9o 

T 
1 

1  '^'i87 

1 J  JO  1 

4.4107 

1  1  AA 

1100 

02  /O.ol 

TT 
11 

Q 

30509 

340 

0  /I  O  T  '7C 

3481.75 

TT 
11 

S7ftO 

O  t  U7 

1200 

3283.40 

II 

237 

- 

30684 

170 

3487.08 

II 

19526 

- 

48195 

85 

3284.68 

II 

22355 

- 

52791 

420 

3487.38 

I 

13119 

- 

41786 

1  OAA 

1200 

IT 
11 

8770 

39197 

1  OA 

130 

3489.52 

T 
1 

19466 

48115 

2300 

3291 .00 

IT 
11 

0 

30377 

55 

3491.72 

I 

lOOcJO 

47484 

OAAA 
2000 

If 
11 

237 

30509 

O  1  A 

210 

0  /I  AO  CO 

34V2.50 

TT 
11 

8957 

37581 

210 

3306.01 

II 

8957 

- 

39197 

85 

3495.19 

II 

24059 

- 

52661 

210 

3306.91 

II 

8769 

- 

39000 

340 

3499.95 

I 

01  A 

210 

Q  Q  AO  A  1 

TT 
11 

31135 

61356 

1  OA 

130 

ocAO  o/: 

3503.36 

T 
1 

1  OAA 

1200 

0  0  An  OA 

IT 
11 

8957 

39162 

OCA 

250 

0  C  1  0  AO 

3513.02 

TT 
11 

040 

TT 
11 

0 

30197 

o5 

0  C  1  /I  11 

o514. 1  i 

T 
1 

0 

28449 

85 

3316.17 

II 

19619 

- 

49765 

85 

3514.86 

I 

400 

3316.88 

II 

237 

- 

30377 

250 

3517.60 

I 

01  A 

210 

TT 
11 

140 

oolT.Tz 

T 
1 

19466 

47885 

160 

iiZi.ll 

TT 
11 

4'V  i  00 

170 

3522.43 

TT 
11 

171 

85 

3327.58 

TT 

11 

85 

3525.03 

T 
I 

4.791  4 

85 

3335.05 

II 

22355 

— 

52331 

65 

3525.28 

I 

230 

3349.99 

I 

13119 

- 

42961 

250 

3534.85 

II 

19526 

- 

47808 

230 

3354.86 

II 

1700 

3535.52 

TT 

II 

0 

— 

28276 

yl  AAA 

4000 

3362.61 

T  T 
11 

Z.O  i 

zyyo  / 

490 

3536.21 

TT 

11 

lOoO  / 

AAQ'iQ 

1  OA 

130 

3368.33 

T  T 
11 

C  Q7QQ 

DO  i  6o 

850 

3536.58 

TT 
11 

A 

u 

9Q9AQ 

ZoZOo 

130 

3368.60 

I 

16957 

_ 

46634 

420 

3537.91 

I 

160 

3369.64 

II 

19526 

- 

49195 

55 

3542.08 

I 

18990 

- 

47214 

490 

3374.50 

II 

8957 

— 

38583 

140 

3548.48 

II 

21021 

— 

49195 

55 

3380.04 

II 

C  1  QQC 
D  loOO 

85 

3550.16 

II 

07COQ 

c  c  7cr  Q 
00  /oo 

170 

3380.53 

I 

85 

3550.83 

II 

OC  OC  7 

^"lA  1  1 
0041  1 

420  d 

3384.99 

II 

23803 

— 

53336 

85 

3551.68 

I 

3385.08 

I 

15270 

- 

44803 

210 

3555.82 

I 

16456 

- 

44571 

170 

3393. 19 

I 

13119 

42581 

85 

3556.57 

I 

16456 

44565 

1700 

3397.50 

I  T 

11 

A 
U 

85 

3557.34 

T 

1 

^000  i 

65 

3397.87 

I 

1  Q  1  1  Q 

420 

3557.79 

II 

Q77A 
0  /  /U 

170 

3398.02 

II 

16567 

- 

45987 

340 

3560.92 

I 

18693 

_ 

46767 

420 

3399.95 

11 

8957 

- 

38361 

420 

3563.88 

I 

0 

- 

28051 

OCA 

850 

3410.05 

1 

0 

29317 

490 

3565.91 

T  T 
11 

19619 

47654 

55 

341 1.57 

II 

Ojo  I 

1300 

3566.47 

II 

ZoZOO 

340 

3412.59 

I 

loZ  (  1 

420 

3567.36 

I 

U 

ZoUZ4 

340 

3416.59 

I 

0 

29260 

130 

3569.80 

I 

13119 

_ 

41124 

170 

3421.79 

I 

15587 

- 

44803 

280 

3574.06 

II 

19682 

47654 

65 

3424.50 

T 

1 

18692 

— 

47885 

oc 

85 

3575.29 

T 
1 

13119 

— 

41081 

6400 

3425.08 

T  T 

11 

0Q7 
ZO  / 

85 

3583.43 

T 
1 

lOVo  / 

A  A  QC^f^ 

950 

3425.63 

II 

A 

u 

OA  1  QQ 

280 

3586.07 

I 

10450 

/I  /1 11/1 

170 

3428.61 

II 

21608 

_ 

50766 

130 

3590.73 

I 

15587 

_ 

43429 

340 

3429.33 

I 

16456 

- 

45608 

170 

3598.62 

I 

15271 

- 

43051 

850 

3429.96 

11 

8769 

- 

37916 

85 

3599.16 

II 

25014 

- 

52791 

420 

3431.19 

II 

one  T 

8957 

0  OAA /I 

38094 

130 

3607.35 

II 

OOAC  0 

22052 

4V  (05 

55 

3434.90 

11 

OO  OAO 

2jo0o 

C  OAA*? 

5ZV0/ 

2100 

3608.77 

T  T 

11 

A 

U 

0T7A0 

190 

3435.35 

I 

16456 

_ 

45557 

250 

3609.53 

II 

18291 

_ 

45987 

85 

3437.63 

II 

16567 

- 

45648 

65 

3611.61 

II 

19619 

- 

47299 

140 

3438.80 

II 

8769 

- 

37841 

95 

3612.39 

II 

17974 

— 

45648 

4900 

3441.50 

II 

237 

29286 

85 

3613.03 

II 

1    c  ^  "7 

10567 

/I  /I  00  T 

44237 

170 

3442.99 

I 

15270 

44307 

180 

3619.97 

II 

34307 

^  1  AO  /I 

61924 

85 

3444.16 

I 

30 

3623.42 

11 

8957 

36548 

85 

3446.55 

I 

17454 

- 

46461 

85 

3624.20 

I 

15271 

- 

42855 

170  d 

3447.26 

II 

8957 

37958 

380 

3638.41 

I 

13119 

40596 

3447.35 

I 

13119 

42119 

35 

3639.89 

11 

237 

27702 

170 

3449.76 

II 

23024 

52003 

85 

3642.94 

I 

15587 

43030 

85  h 

3453.03 

I 

18693 

47644 

9.50 

3643.65 

II 

4900 

3453.66 

II 

237 

29183 

180 

3646.70 

I 

13119 

40533 

55 

3456.36 

I 

140 

3647.22 

II 

22355 

49765 

140 

3458.55 

I 

18853 

47759 

240 

3647.72 

II 

12457 

39863 

140 

3461.16 

II 

8957 

37841 

600 

3653.61 

II 

8770 

36132 

315 


Thulium  — all  observed  /irees— Continued 


Intensity 

dnd 
Character 

Wavelength 
in  A 

spectrum 

Energy  levels 
in  cm^' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

85 

1l£.£if\  OO 

oooU.oo 

TT 

11 

4.7097 

10000 

4094.19 

T 
1 

A 

u 

Z441o 

500 

3665.81 

II 

877n  — 

oOU'rl 

9500 

4105.84 

I 

Q 

1100 

3668.09 

II 

0  - 

27254 

70 

4107^93 

I 

16742 

41078 

120 

3673.14 

II 

17974  - 

45191 

120 

4132.69 

II 

19526 

- 

43717 

410 

3677.98 

II 

12457  - 

39638 

1100 

4138.33 

I 

8771 

- 

32928 

4dU  q 

OO  /O.OD 

TT 
11 

Ifil  19 

1  OA 

12U 

A  1  ACi  1  A 

414y.  14 

T 
I 

3678.95 

II 

55 

4150.10 

I 

1  77C9 

A^QA^ 
41o41 

140 

3683.20 

II 

22052  - 

49195 

120 

4158.60 

I 

8771 

32811 

410 

3694.74 

II 

237  - 

27294 

70 

4159.54 

II 

19682 

- 

43717 

3694.82 

II 

24059  - 

51116 

70 

4170.45 

I 

18990 

- 

42961 

85 

3697.57 

TT 
11 

8800 

4187.62 

T 
1 

A 
U 

ZOO  1  0 

170 

3699.87 

II 

1Qd77 

520 

4199.92 

II 

n 
u 

ZOOUO 

4800 

3700.26 

II 

237  - 

27254 

6000 

4203.73 

I 

0 

23782 

3800 

3701.36 

II 

0  - 

27009 

220 

4206.00 

II 

0 

- 

23768 

330 

3704.85 

II 

8769  - 

35753 

55 

4212.79 

II 

8770 

- 

32500 

7700 

3717.91 

T 
1 

a 
u 

0  OA 

380 

,1000  /in 

4222.67 

T 
1 

Q771 
o  /  /  1 

Q9A/1 A 

70 

3719.71 

II 

oVo  /  — 

0000'+ 

95 

4236.94 

II 

0/1  ACQ 

A7AQA 
'+/0O^ 

890 

3725.06 

II 

0  - 

26837 

3000 

4242.15 

II 

237 

23803 

120 

3730.81 

II 

8957  - 

35753 

55 

4246.39 

II 

8957 

- 

32500 

2400 

3734.12 

II 

237  - 

27009 

70 

4268.56 

I 

17343 

- 

40763 

5000 

3744.06 

I 

0  - 

26701 

270 

4271.71 

I 

077  1 

8771 

Q  O  1  7  /I 

32174 

1700 

3751.81 

I 

0  - 

26646 

150 

4298  36 

I 

1  0  1  1  A 

131 19 

Q£  9  77 

36377 

310 

3756!86 

II 

8770  - 

35380 

95 

4318.40 

I 

17613 

40763 

6000 

3761.33 

II 

0  - 

26579 

70 

4344.48 

I 

17752 

- 

40763 

4800 

3761.91 

II 

0  - 

26575 

70 

4346.48 

I 

15587 

- 

38588 

70 

3765.85 

II 

1  O  OA  1 

18291  - 

44838 

55 

4351.00 

II 

O  1  AOO 

A  0  AAO 

85 

3781.15 

I 

A 

u  - 

0<iy|  A  A 

95 

4351.18 

II 

Q77A 

3  1  7y1  C 

260 

3783.55 

II 

8957  - 

35380 

2700 

4359^93 

I 

0 

22930 

50 

3787.01 

I 

16456  - 

42855 

95 

4363.66 

II 

16567 

- 

39477 

380 

3795.16 

II 

237  - 

26579 

55 

4367.89 

II 

19682 

- 

42570 

7100 

3795.75 

11 

n  0  "7 

237  - 

O/;  C  "7  C 

2oo  /o 

1400 

4386.43 

T 
1 

A 

u 

99701 

22  /VI 

770 

3798.54 

I 

0*7  "7  1 

o  /  / 1  - 

200 

4394.42 

I 

0771 
0  i  I  I 

240 

3798^75 

II 

8957  - 

35274 

120 

4395.96 

I 

15271 

38012 

70 

3802.07 

I 

15587  - 

41881 

140 

4396.50 

I 

8771 

- 

31510 

600 

3807.72 

I 

8771  - 

35026 

55 

4399.72 

I 

18853 

- 

41576 

380 

3810.72 

If 

II 

8769  - 

35003 

55 

4437.40 

T  T 
11 

OOO  AO 

zZoUo 

A  A  OOO 

550 

3817.39 

II 

1  OO 

80 

4442.74 

I 

10  i'^Z 

OQO/1  A 

60 

3821.62 

I 

17454  - 

43614 

50 

4447.58 

I 

16742 

39220 

290 

3826.39 

I 

0  - 

26127 

120 

4454.03 

I 

16742 

- 

39187 

1300 

3838.20 

II 

8957  - 

35003 

80 

4459.99 

I 

290 

3840.87 

I 

15271  - 

41299 

50 

4467.98 

T 
1 

1  C  07  A 

lo2  /U 

ilbw 

8900 

II 

0  - 

25980 

540 

4481.26 

II 

A 

0 

OOO  AA 

70 

3853.10 

II 

18291  - 

44237 

80 

4489^70 

II 

8770 

31037 

140 

3857.84 

11 

8957  - 

34871 

150 

4519.60 

I 

16742 

- 

38861 

6800 

3883.13 

I 

0  - 

25745 

260 

4522.57 

II 

1800 

3883.44 

II 

237  - 

25980 

180 

4529.38 

II 

237 

OOO  AA 

22309 

QQQ7 

I 

0  - 

25717 

80 

4532.15 

I 

15587 

37646 

440 

3890., S3 

II 

0  - 

25696 

110 

4548'60 

I 

17343 

39322 

440 

3896.62 

I 

0  - 

25656 

40 

4556.68 

II 

26256 

- 

48195 

680 

3900.79 

II 

8769  - 

34398 

40 

4561.86 

II 

8770 

- 

30684 

3500 

3916.48 

I 

8771  - 

34297 

80 

4564.68 

T 
1 

17343 

OAO/1  A 

39244 

II 
1 1 

8957  - 

34404 

40 

4567. 11 

II 

1  7  A7  A 

17974 

o  AO/;  o 

39863 

570 

3929.58 

II 

8957  - 

34398 

95 

4596^63 

I 

17613 

39362 

1500 

3949.27 

I 

8771  - 

34085 

270 

4599.02 

I 

0 

- 

21738 

55 

3957.42 

II 

237  - 

25498 

35 

4601.29 

II 

8957 

- 

30684 

1500 

3958.10 

II 

0  - 

25258 

55 

4603.43 

TT 
11 

yo 

O  ?  1  u .  uo 

I 

16742  - 

41881 

40 

4604.85 

I 

17752 

39462 

440 

3995.58 

II 

917 

50 

4613.97 

I 

1  77'^9 

oy^  1  y 

1800 

3996.52 

II 

0  - 

25014 

40 

4614.47 

II 

22052 

43717 

220 

4024.23 

I 

16456  - 

41299 

300 

4615.94 

II 

16567 

38225 

80 

4034.76 

II 

25014  - 

49792 

35 

4619.06 

II 

22355 

43998 

ooO 

AC\A  A  Al 

4U44.4/ 

T 
1 

8771  - 

33489 

A/iOi  79 

I 
1 

17613 

39244 

80 

4055.81 

I 

13119  - 

37768 

80 

4626.33 

II 

21608 

43217 

80 

4090.29 

11 

8957  - 

33399 

95 

4626.56 

II 

0 

21608 

80 

4091.49 

II 

8957  - 

33392 

40 

4626.97 

I 

17613 

39220 

316 


Thulium— all  observed  /iraei— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

110 

4634.26 

TT 
11 

lozyi  — 

oVoOo 

ly 

5182.68 

I 

21799  - 

41089 

40 

4642.96 

II 

990AQ 
ZZoUo  ~ 

O  J,0<J . 

T 

X 

0/71  - 

OOAC  1 
ZOO5I 

95 

4643.12 

8771  - 

30302 

14 

5204.51 

II 

27598  - 

46807 

35 

4644.58 

I 

17752  - 

39277 

80 

5213.38 

I 

16456  - 

35633 

120 

4655.09 

I 

17613  - 

39089 

22 

5228.23 

II 

4000.  /U 

TT 
11 

ZO /Do 

/I    1  Ql 

5260.93 

TT 

11 

Orf;  1 00 
ZD loo  — 

/I  c  1  m 
4Diy  1 

35 

4671.99 

II 

ZD/00  — 

A  1(^0.4 

4  /Do4 

Zl 

5967  ^^4 

II 

OC  OC  T 

z5z57  - 

44237 

35 

4675.10 

40 

5291.14 

I 

21799  - 

40693 

80 

4675.31 

I 

15270  - 

36653 

40 

5294.32 

I 

24611  - 

43494 

40 

4677.86 

II 

237  - 

21608 

35 

5300.21 

I 

15587  - 

34449 

160 

4681.92 

O  /  / 1  — 

JO 

5302.69 

I 

01  1  L  — 

z  /Oz4 

70 

4685.11 

J 

1  ^1  1  Q 

OAA  ^7 

c  r 
DO 

5305  87 

n 

9  1  A99 

ZlUzz  — 

oyooD 

120 

4691.11 

I 

8771  - 

30082 

650 

5307.12 

I 

0  - 

18837 

110 

4724.26 

I 

0  - 

21161 

16 

5322.99 

II 

35535  - 

54317 

680 

4733.34 

I 

0  - 

21121 

35 

5338.90 

I 

16957  - 

35682 

35 

4750.75 

5339.03 

I 

17454  - 

36179 

70 

4759.90 

J 

15270  - 

36273 

80 

5346.49 

n 

19526  - 

38225 

27 

4789.92 

11 

28276  - 

49147 

27 

5372^98 

II 

19619  - 

38225 

27 

4807.48 

I 

16456  - 

37252 

14 

5391.96 

II 

25696  - 

44237 

35 

4808.68 

I 

15587  - 

36377 

27 

5400.46 

II 

24059  - 

42570 

35 

4813.50 

19748  - 

40517 

27 

5402.23 

I 

27 

4826.99 

28096  - 

48807 

14 

04"U0.  yO 

II 
11 

27 

4828.97 

I 

16456  - 

37159 

14 

5461.95 

II 

34027  - 

52331 

80 

4831.20 

II 

23024  - 

43717 

14 

5464. 14 

I 

22559  - 

40855 

35 

4835.75 

I 

13119  - 

33793 

14 

5465.54 

II 

0  - 

18291 

27  d 

4851.76 

19132  - 

39737 

16 

5500.30 

II 

4851.90 

27009  - 

47614 

14 

II 

11 

34913  - 

53002 

19 

4872.28 

n 

22052  - 

42570 

24 

5528.34 

I 

22419  - 

40503 

27 

4879.19 

I 

18990  - 

39479 

14 

5539.03 

II 

26188  - 

44237 

27 

4891.64 

I 

27 

5566.00 

I 

13119  - 

31080 

24 

4909.74 

15271  - 

35633 

22 

5581.37 

I 

20406  - 

38318 

55 

4923.83 

18853  - 

39157 

14 

OOKjyJ .  \jO 

II 

34766  - 

52661 

140 

4957^18 

I 

18990  - 

39157 

14 

5589.94 

II 

40 

4970.87 

II 

19526  - 

39638 

14 

5606.64 

I 

20406  - 

38237 

27 

4971.26 

I 

19548  - 

39658 

270 

5631.41 

I 

0  - 

17753 

40 

4975. 12 

II 

23904  - 

43998 

40 

5642.60 

I 

8771  - 

26488 

50 

4978.90 

19548  - 

39628 

27 
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Thulium  — all  observed  Zmes— Continued 


Intensity 

and 
Character 
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7284.30 
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318 


Tin 

Sn,  Z  =  50,  M  =  118.7,  Ratio  |^  =  1.868 

Lu 

Sn  I  Normal  state  of  valence  electrons  5s^5p^  ^Po  =  0.  LP.  =  59232  cm-i. 
Sn  II  Normal  state  of  valence  electrons  5s^5p  ^P°i2^0.  I.P.=  118017  cm-*. 
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Wavelengths  and  Classification: 

Sn  I,  W.  F.  Meggers,  J.  Research  NBS  24,  153  (1940)  RP  1275. 


Tin  —  all  observed  lines 
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559-795  0-75-22  (pt.  1) 


Titanium 


Ti,  Z  =  22,  M  =  47.9,  Ratio  j^-  =  0.754 


Ti  I  Normal  state  of  valence  electrons  SdHs^  ^¥2=^0.  I.P.  =  55138  cm-i. 
Ti  II  Normal  state  of  valence  electrons  3d^4>s  *Ft  1/2  =  0.  LP.  =  109506  cm-^. 
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Strong  lines  of  titanium 
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Titanium  —  all  observed  lines 
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Tungsten 

W,  Z  =  74,  Af  =  183.8,  Ratio  ^  =  2.893 

Lu 

W  I  Normal  state  of  valence  electrons  5d'^6s'^  ^Do^  0.  LP.  =  64400  cm-\ 
W  II  Normal  state  of  valence  electrons  5d%s  «Di/2  =  0.  I.P.  =  143000  cm-^. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

D.  D.  Laun  and  C.  H.  Corhss,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  72A  (Phys.  and  Chem.),  No.  6,  609-755 
(Nov.-Dec.  1968). 

Classification: 

W  I,  D.  D.  Laun  and  C.  H.  CorHss,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  72A(Phys.  and  Chem.),  No.  6,  609-755 
(Nov.-Dec.  1968). 

W  II,  D.  D.  Laun,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  68A  (Phys.  and  Chem.),  No.  2, 207-252  (Mar.- Apr.  1964). 


Strong  lines  of  tungsten 


Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 

Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 

Character 

in  cm"' 

Character 

in  cm"' 

15000 

2029.98 

6147 

55393 

2400 

2098.60 

II 

1519 

49154 

13000 

2008.07 

4716 

54499 

2400 

2121.59 

II 

3173 

50292 

9700 

2079.11 

6147 

54229 

2400 
2400 
2300 

2944.40 
2946.99 
2065.57 

I 
I 

II 

2951 
2951 
4716 

36904 
36874 
53114 

8600 
7300 

4008.75 
2026.08 

2951 
4716 

27890 
54057 

6100 

2094.75 

1519 

49242 

2200 

2075.59 

II 

8711 

56875 

5800 

2001.71 

3173 

53114 

2200 

2089.14 

II 

4716 

52567 

5300 

2049.63 

1519 

50292 

2200 

2100.67 

II 

0 

47589 

5100 

2009.98 

1518 

51254 

2200 

4302.11 

I 

2951 

26189 

5000 

4074.36 

2951 

27488 

2100 

2118.87 

II 

0 

47180 

4100 

2010.23 

3173 

52902 

2100 

2681.42 

I 

2951 

40234 

4100 

2014.23 

3173 

52803 

2100 

2718.91 

I 

2951 

39720 

4100 

4294.61 

2951 

26230 

1900 

3617.52 

I 

2951 

30587 

3600 

2088.19 

3173 

51045 

1800 

2435.96 

I 

4830 

45869 

3400 

2071.21 

3173 

51438 

1800 

3867.99 

I 

2951 

28797 

2700 

2035.03 

II 

7420 

56544 

1700 

2090.48 

I 

0 

47820 

1700  d 

2405.58 

I 

1670 

43228 

2700 

2551.35 

0 

39183 

2405.69 

I 

4830 

46385 

2600 

2724.35 

2951 

39646 

329 


Tungsten  — all  observed  lines 


Intensity 

and 
Character 

Wavelength 

in  A 

Spectrum 

Energy  levels 
in  cm  ~' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

5800 

2001.71 

II 

3173 

- 

53114 

60 

2358.81 

II 

3173 

— 

45554 

13000 

2008.07 

II 

4716 

- 

54499 

580 

2360.44 

3326 

— 

45678 

5100 

2009.98 

II 

1518 

- 

51254 

850 

2363.07 

1670 

- 

43975 

IT 
11 

3173 

52902 

OU 

O0<^/1  OO 

Zod4.Zz 

II 
11 

14968 

57252 

9ft Id.  9^ 

IT 
11 

3173 

S980'^ 

9QAC  A  C 

Zot)o.4o 

A 

u 

^ZZOZ 

7300 

2026.08 

II 

4716 

- 

54057 

110 

2365.85 

I 

17008 

- 

59264 

15000 

2029.98 

II 

6147 

- 

55393 

110 

2366.18 

I 

4830 

- 

47079 

2700 

2035.03 

II 

7420 

- 

56544 

95 

2366.96 

I 

9528 

- 

51763 

OoUU 

II 
11 

1519 

50292 

1  CA 
lOU 

00^17  AA 
ZOO  /.OV 

1670 

43893 

ZUOD. D  / 

II 
11 

4716 

531 14 

oc 
Vo 

OOTA  OA 

zo /u.oy 

Z70  1 

(I'll  1  7 

"tO  11/ 

3400 

2071.21 

II 

3173 

- 

51438 

35 

2371.39 

J 

17107 

- 

59264 

2200 

2075.59 

II 

8711 

- 

56875 

50 

2374.13 

I 

6219 

- 

48326 

9700 

2079.11 

II 

6147 

- 

54229 

510 

2374.47 

{ 

4830 

- 

46932 

OOUO 

OAQQ    1  0 

II 
11 

3173 

51045 

OO 

} 

3326 

45422 

OOAA 

zzuu 

OAQQ    1  A 

IT 
11 

4716 

52567 

Vo 

Zo  /O.UO 

O  1  1  fO 

1700 

2090.48 

I 

0 

- 

47820 

50 

2376.57 

I 

17107 

- 

59172 

6100 

2094.75 

II 

1519 

- 

49242 

50 

2377.05 

I 

16431 

_ 

58487 

2400 

2098.60 

II 

1519 

- 

49154 

210 

2382.99 

6219 

- 

48171 

OOAA 

9 1  AA 

IT 
11 

0 

— 

47589 

/;7A 

OOOyi  OO 

Zoo4.oZ 

J 

6219 

- 

48138 

1  CAA 

O  1  A 1    C  A 

zlUl.o4 

T 
1 

OOZO 

c  AQQ/1 

oc 
OO 

OOOA   1  A 
ZOOD.  10 

1  7AAO 

COAA/1 

1500 

2106.18 

II 

1519 

_ 

48983 

240 

2389.08 

J 

1670 

_ 

43515 

1300 

2110.34 

II 

4716 

_ 

52087 

120 

2390.37 

II 

7421 

49242 

2100 

2118.87 

II 

0 

- 

47180 

120 

2392.93 

II 

4716 

- 

46493 

0>1  AA 

IT 
11 

3173 

— 

50292 

1  OA 

IZU 

OO  AC  .10 

Zo9o.4o 

9528 

— 

51260 

OCA 

Z loo. DO 

IT 
11 

A  1  /I  7 
Ol4/ 

OZOD  1 

<oO 

OOA7  AA 

2397.09 

IT 
11 

0  1  70 

01  (0 

A  AOT? 

448  /  / 

850 

2157.80 

II 

4716 

_ 

51045 

560 

2397.73 

J 

3326 

_ 

45019 

1500 

2166.32 

II 

4716 

_ 

50863 

560 

2397.98 

I 

3326 

_ 

45015 

480 

2182.90 

I 

6219 

- 

52015 

60 

2399.04 

I 

17107 

- 

58778 

'VW 

O  1  A/1  CO 

TT 
11 

0 

— 

45554 

OA 

30 

O  /I  A  1  OA 

2401.30 

} 

6219 

— 

47851 

1  9AA 

OOA/1   .1  o 

ZZU4.4o 

T  T 
11 

A  1  /I  7 

014/ 

C  1  /I  QC 

o  14^0 

AC 

yo 

O/IAO  AZ 

1  0  770 
lo  (  / O 

CC  OQA 

460 

2248.75 

II 

0 

_ 

44455 

75 

2404.24 

II 

8711 

_ 

50292 

460 

2249.80 

I 

1670 

— 

46105 

50 

2405.26 

13349 

- 

54912 

180 

2270.24 

II 

1519 

- 

45554 

1700  d 

2405.58 

I 

1670 

- 

43228 

AC 

95 

227 1.37 

1 

3326 

— 

47338 

O/l  AC   A  A 

2405.69 

} 

4830 

— 

46385 

CIA 

510 

O  O  "7  "7  CO 

2277.58 

1 

A 

u 

4ooyo 

AC 

95 

O/IAA  AO 

2409.03 

AQ'if\ 

4{5oU 

/I  AQOQ 

4doZo 

160 

2284.91 

I 

1670 

45422 

60 

2410.62 

J 

6219 

_ 

47689 

320 

2285.17 

I 

6219 

_ 

49966 

75 

2411.54 

II 

17437 

_ 

58892 

530  d 

2294.49 

I 

6219 

- 

49789 

320 

2414.04 

{ 

3326 

- 

44737 

OOA  A    Z  A 

11 

4716 

— 

48285 

1  A 

OlU 

O  1  I  C  AO 

Z410.D0 

j  , 

1670 

— 

43054 

A 

270 

ZZ98..53 

T 
1 

4ooU 

,1  Q  0  0  A 

C  A 

50 

O  ^  1  A   O  /I 

2416.24 

AO  1  Q 

oziy 

240 

2303.83 

II 

1519 

_ 

44912 

50 

2419.34 

II 

20040 

61361 

240 

2306.59 

I 

2951 

_ 

46292 

60 

2420.20 

13778 

_ 

55084 

340 

2309.02 

I 

6219 

_ 

49514 

50 

2421.01 

II 

13412 

_ 

54705 

44U 

O  0  1  0  17 
Z.i  1.5.  W 

1 

0 

43217 

1  OA 

loU 

OIOO  OA 

j 

3326 

44596 

OOA 

O  0  1  1  17 

Z.5 14. 1  / 

I 
1 

62 19 

49418 

,1 A 

4U 

O/lOO  AA 

Z4ZZ.00 

AO  1  A 

6219 

47484 

190 

2315.02 

II 

3173 

_ 

46355 

870 

2424.21 

J 

4830 

_ 

46068 

110 

2318.96 

I 

15070 

_ 

58179 

190  d 

2425.98 

J 

13349 

_ 

54557 

2321.63 

I 

3326 

- 

46385 

2426.08 

I 

19535 

- 

60741 

290 

2326.09 

r  t 

6147 

- 

49125 

130 

O  y1  O  7  O  O 

2427.28 

1,5070 

- 

56256 

390  d 

2326.56 

r 
1 

62 19 

49188 

1  AA 

IvU 

0/107  AC\ 

Z4Z  / . 4y 

11 

0  17  0 

ol7o 

A  AOZZ 

44355 

9  "J  OA  7 A 

1 

0  0  0£ 

3326 

46292 

2429.39 

II 

26929 

68079 

170 

75 

2328.31 

II 

1519 

_ 

44455 

170 

2429.84 

6219 

_ 

47362 

180 

2331.29 

I 

12162 

_ 

55043 

120 

2430.44 

I 

14976 

_ 

56109 

75 

2331.91 

I 

15460 

58330 

580 

2431.08 

} 

3326 

44447 

75 

2332.76 

I 

6219 

49073 

630 

o  /I  o  o  no 

2433.98 

4830 

A  C  AAO 

45902 

130 

2333.77 

II 

1519 

44355 

60 

2435.01 

II 

20534 

_ 

61590 

210 

2341.37 

I 

1670 

44367 

1800 

2435.96 

4830 

_ 

45869 

01/ 

2343.12 

I 

17008 

- 

59673 

29 

2436.26 

I 
} 

2951 

- 

43985 

75 

2347.97 

I 

3326 

45902 

250 

2436.62 

j 

3326 

44353 

75 

2349.26 

II 

20.534 

63088 

29 

2437.95 

9528 

50534 

2349.33 

I 

13307 

55859 

60 

2442.98 

13348 

54269 

J 

120  d 

2350.37 

II 

20456 

62990 

24 

2443.33 

I 

19826 

60741 

2350.46 

I 

4830 

47362 

95 

2443.61 

17008 

57919 

320 

2354.61 

I 

6219 

48676 

580 

2444.06 

1670 

42573 

60 

2358.07 

I 

12162 

54557 

160 

2446.39 

II 

7421 

48285 

330 


1 


Tungsten  —  all  observed  /ines  — Continued 


Intensity 

Wavelength 
in  A 

Hnpptrii  m 

Energy  1 
in  cm 

evels 

-1 

Intensity 

ll(]ICl\..Ld 

Wavelength 
in  A 

OpCCLi  UIIl 

Energy  levels 
in  cm"' 

Z  /U 

90 

OCIQ  CA 
ZOlo.OU 

12162  - 

51856 

270 

2451.35 

I 

12162  - 

52943 

95 

2519.87 

I 

13307  - 

52979 

780 

2451.48 

II 

1519  - 

42298 

310 

2520.46 

I 

15070  - 

54733 

870 

2452.00 

I 

0  - 

40771 

60 

2520.98 

I 

13348  - 

53003 

430 

2454.72 

I 

15070  - 

55796 

780 

2521.32 

I 

2951  - 

42601 

oou 

d.H^n  — 

T^OOU 

970 

XT 

4716  - 

44355 

780 

2455.51 

I 

6219  - 

46932 

780 

2523.41 

4830  - 

44447 

780 

2456.53 

I 

3326  - 

44020 

60 

2523.59 

I 

17701  - 

57315 

1100 

2459.30 

I 

3326  - 

43975 

75 

2524.81 

I 

13349  - 

52943 

270 

2460.16 

I 

6219  - 

46855 

140 

2525.68 

I 

2951  - 

42532 

lyu 

yo 

OrOA  AO 
ZoZ0.4Z 

6219  - 

45790 

480 

2462.79 

J 

1670  - 

42262 

430 

2527.76 

I 

17008  - 

56557 

270 

2464.30 

I 

3326  - 

43893 

190 

2529.72 

I 

^6^9  7 

95 

2465.20 

I 

17008  - 

57561 

24 

2530.99 

I 

OAC  1 

zyoi  - 

A  OA  C  A 

4z4o0 

230 

2466.52 

II 

1519  - 

42049 

780 

2533.64 

I 

1670  - 

41127 

1  mn 

OOZO 

4oo0  1 

90 

zy 

ZOoO.  VO 

. 
i 

15460  - 

54912 

7C 

(0 

9/1  7A  Qf\ 

Z4  /U.oU 

TT 
11 

0A7Q  1 

zU/ol  — 

A  1  0/1  1 

0 1Z41 

oU 

OC  0  /I  AO 
Z004.0O 

15460  - 

54900 

75 

2471.21 

I 

17107  - 

57561 

50 

2534.82 

II 

20781  - 

60219 

480 

2472.51 

I 

4830  - 

45263 

85 

2535.11 

I 

1670  - 

41104 

95  d 

2473.70 

I 

14976  - 

55389 

70 

2539.31 

I 

13434  - 

52803 

2473.82 

I 

0  - 

40411 

7C 
10 

OC  /I  1  7A 

Zo41.  l\J 

6910  - 

1  7 

'iOOO  1 

1200 

2474.15 

J 

6219  - 

46625 

120 

2543.44 

} 

13348  - 

290 

2477.80 

II 

6147  - 

46493 

29 

2544.17 

I 

14976  - 

54269 

870 

2480.13 

I 

1670  - 

41979 

580 

2545.34 

I 

3326  - 

42601 

40 

2480.66 

I 

2951  - 

43251 

1200 

2547.14 

I 

3326  - 

42573 

1  A70 
ID  ( U  — 

oo 

OC/1  Q   1  c 

zo4o.  lo 

uz 

^Ot-O  A 

1500 

2481.44 

J 

6219  - 

46506 

35 

2548.56 

} 

13777  - 

ooyjyjo 

480  d 

2482.10 

I 

2951  - 

43228 

50 

2549.09 

II 

3173  - 

42390 

2482.21 

I 

12162  - 

52436 

40 

2550.10 

II 

23235  - 

62437 

29 

2484.40 

II 

20040  - 

60279 

780 

2550.38 

I 

1670  - 

40868 

oou 

OAQA  lA 

1  0  1  ^i9 

izloz  — 

c  none 
ozoVo 

1  Af\ 

14U 

9cc:i  A  A 
ZOO  1  .UU 

OoZD 

tZO  1 4" 

130 

2486.30 

J 

17107  - 

57315 

2700 

2551.35 

J 

0  - 

1  oo 

390 

2487.50 

I 

4830  - 

45019 

29 

2551.99 

I 

17107  - 

56280 

270 

2488.77 

11 

7420  - 

47589 

170 

2553.17 

I 

4830  - 

43985 

120 

2488.93 

I 

6219  - 

46385 

450 

2553.82 

I 

4830  - 

43975 

0/1  QO  0  0 

11 

/I  7  1 

4  /  Id  — 

/I  /I  Q77 

/t  1  A 

410 

OCC/l  QA 

Zoo4.oo 

11 

n  — 

oy  IZV 

70 

2489.72 

3326  - 

43479 

580 

2555.09 

II 

olio 

d990fl 

*ZZ  70 

75 

2490.85 

I 

17008  - 

57143 

2555.21 

3326  - 

42450 

75 

2492.93 

II 

14857  - 

54959 

40 

2556.27 

I 

13777  - 

52885 

70 

2493.39 

I 

12162  - 

52256 

310 

2556.75 

I 

1670  - 

40771 

o  /i  n  c  o  ^ 

1    7  A 

1670  - 

41  /o4 

7C 

/o 

OC  C  7   C  7 
ZOO  / .  .1  ( 

1004-V 

0Z4-00 

230 

2496.64 

II 

4716  - 

44758 

29 

2558.48 

} 

1  09^:/^ 
iVZOO 

50 

2496.97 

17107  - 

57143 

290 

2560.12 

I 

15070  - 

54119 

95 

2497.48 

II 

6147  - 

46175 

29 

2560.76 

I 

23484  - 

62524 

95 

2499.43 

I 

13349  - 

53346 

85 

2561.53 

I 

2951  - 

41979 

140 

2499.69 

I  r 
11 

7420  - 

47413 

730 

OC  A  1  A7 

2561.97 

AQ'if\ 
4ooU 

A  OQC  1 
4ooO  1 

40 

2500. 1 1 

II 

18000  - 

57986 

230 

2563. 16 

II 

1 / 4o  /  — 

C  A  /I  /I  A 

0D44U 

160  d 

2501,78 

2951  - 

42911 

110 

2563.91 

II 

11301  - 

50292 

2501.90 

11 

13412  - 

53370 

150 

2564.70 

I 

17008  - 

55988 

14 

2503.04 

I 

15070  - 

55009 

140 

2,567.51 

I 

3326  - 

42262 

40 

2503.96 

14976  - 

04900 

1  QA 

loU 

OC  AO  O  1 

zooo.zl 

} 

009A 
ooZO  ~ 

/I  99C1 

4ZZ0 1 

70 

2504.53 

9528  - 

49444 

95 

2568.56 

9QC  1 

ZVO 1  — 

/I  1  Q70 

41o  /Z 

680 

2504^70 

I 

1670  - 

41583 

75 

2568.99 

I 

1  AA/1  O 

iyD4o  - 

COCAO 
00000 

40 

2505.37 

I 

3326  - 

43228 

190 

2569.25 

I 

12162  - 

51072 

95 

2505.65 

I 

12162  - 

52060 

2569.30 

II 

15147  - 

54057 

zoUo.Uz 

0  1 9<; 

oozo  - 

/I  0  O  1  7 

4oZ  1  / 

lOU 

0C7A  lA 

zo  I  u.  lu 

6219  - 

451 17 

24 

2508.00 

11 

16553  - 

56413 

C  OA 

ooO 

OC  7 1    A  A 

ZO  /1.44 

II 
II 

3173  ~ 

42049 

95 

2508.44 

12162  - 

52015 

170  d 

2572.24 

II 

20534  - 

59399 

190 

2508.73 

I 

6219  - 

46068 

2572.35 

II 

13412  - 

52276 

250 

2510.17 

I 

15070  - 

54896 

190 

2573.53 

I 

13307  - 

52153 

I  o 

n 

OOO  7^ 

75 

2573.95 

11 

16553  - 

55393 

oi;  1  n  d? 

itO  IK)  .He  i 

10071  - 

50 

2575.47 

19828  - 

58644 

29 

2512.94 

17008  - 

56790 

1  An 

14U 

0^77  r\i 
zo 1  /  .uo 

j 

15070  - 

53863 

140 

2513.93 

4830  - 

44596 

190 

2579.26 

II 

23955  - 

62714 

85 

2516.55 

17107  - 

56832 

190 

2579.41 

13307  - 

52064 

60 

2518.14 

II 

10593  - 

50292 

2579.54 

II 

7420  - 

46175 

331 


Tungsten  — all  observed  Zines— Continued 


Intensity 
and 

Vifl  rfl  rtpr 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Oharacter 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

OQCi 

90"^!    —  A^flQA 

ow 

IT 

4716 

42390 

O/U 

: 

1  f,lf\         A(\A  1  1 
1 0  /  U   —           1 1 

1  '?n 

Of.C,A  A  A 

15460 

53118 

140 

2581.06 

J 

12162  -  50894 

80  d 

2655.56 

I 

19826 

_ 

57471 

40 

2581.20 

II 

6147  -  44877 

2655.67 

II 

8711 

- 

46355 

1600 

2656.54 

I 

2951 

- 

40583 

/  0 

zooo .  zz 

1?777  _  ';9il77 

4'UU 

9^i'^7  ^ft 
ilUO  i  .  oo 

4830 

42450 

oVU 

1 7nnQ  t^t^AQi 

1  i  UUo         DOOV 1 

Ann  A 

9^^^^^  fid. 

IT 
11 

1519 

_ 

39129 

40 

2585.24 

J 

23484  -  62154 

2658. 18 

19535 

57143 

110 

2585.43 

I 

13349  -  52015 

80 

2660.53 

I 

19256 

- 

56832 

40 

2586.35 

I 

3326  -  41979 

80 

2661.55 

I 

13349 

- 

50909 

t>U 

0  iU 

ZUUZ.  04- 

} 

3326 

_ 

40868 

191A9  _  crAOA/; 

OU 

ZDDO.y4 

14976 

_ 

52503 

95 

2587.77 

I 

2951  -  41583 

160 

2664.32 

I 

6219 

_ 

43741 

390 

2589.17 

II 

6147  -  44758 

2664.34 

II 

17437 

- 

54959 

170 

2591.49 

II 

0  -  38576 

260 

2664.97 

I 

1670 

- 

39183 

7A 

ZOVo.oV 

90"=^!    —  dlAQQ 

9/;At;  7Q 
ZDUO.  1  o 

J 

6219 

_ 

43721 

OU 

{ 

lQft9A  ^fi'^^n 
IVoZO  OoOoU 

7'^ 

Of-f-f.  AQ 

zuoo.4y 

TI 
it 

7421 

44912 

70 

2596.67 

I 

15460  -  53959 

210 

2669.30 

13349 

50800 

75 

2597.73 

I 

17008  -  55492 

40 

2669.78 

I 

3326 

- 

40771 

70 

2598.42 

I 

17701  -  56175 

810 

2671.47 

I 

4830 

- 

42251 

IIU 

OCQQ  nA 

zoyo. / 4 

IT 
11 

Q7 1 1       /1 7 1  on 
o/ll  —  4/1011 

OU 

ZO  /  O.oV 

IT 
11 

18000 

55392 

lb 

o*;nA 

1  7  1  ^7  A 

1  /  lU  /  —  ooo40 

OD 

9A7A  AO 
ZO  i  4.0V 

22852 

60229 

370 

2601.96 

{ 

4830  -  43251 

40 

2675.13 

J 

13349 

50719 

75 

2602.51 

II 

18000  -  56413 

40 

2675.40 

I 

15070 

- 

52436 

130 

2602.80 

I 

3326  -  41734 

130 

2675.87 

I 

1670 

- 

39030 

(3 

9Am  n9 

II 
11 

ODU 

ZO  (  /  .ZO 

J 

3326 

40666 

07A 

9AAQ 

AQOfX  /1'399Q 

lou  a 

ZO 1  1 .  ly 

II 
1 1 

4716 

42049 

150 

2604.38 

J 

17107  -  55492 

2677.91 

17701 

55033 

170 

2605.51 

I 

3326  -  41694 

40 

2678.53 

I 

19826 

- 

57149 

680 

2606.39 

I 

0  -  38356 

400 

2678.88 

I 

2951 

- 

40269 

Id 

OAAA  on 

ZOUD.oy 

17  1  n7 

1  Qn 

9Aftn  n^ 

ZOOU.UD 

} 

17008 

54310 

zouD.yo 

j 

QQOQ  A'J^QC\ 

OooO         4-  /  1  OU 

9  inn 

Z  lUU 

ZOO  1 .4-Z 

2951 

40234 

320 

2607.38 

J 

1670  -  40011 

290 

2683.35 

I 

12162 

49418 

370 

2608.32 

I 

6219  -  44547 

80 

2687.37 

I 

18974 

- 

56175 

50 

2610.74 

I 

9528  -  47819 

210 

2691.09 

I 

4830 

- 

41979 

1  OA 

loU 

Z61z. 19 

} 

iyo4o  —  o/yiy 

4U 

9AQ9  1A 
ZOVZ.  10 

. 
} 

18974 

56108 

970 

1  9  AQ 

zo lo.Uo 

ooZO  —  410OO 

A^n 

ODU 

9AQC  A7 

3326 

40411 

480 

2613.82 

} 

2951  -  41198 

130 

2697.51 

I 

2951 

40011 

230 

2615.12 

I 

6219  -  44447 

210 

2697.71 

II 

1519 

- 

38576 

70 

2615.44 

II 

15147  -  53370 

160 

2698.84 

I 

4830 

- 

41872 

160 

2618.81 

{ 

ooz6  —  414Vy 

OoU 

9AQO  ^0 
ZOVV.  OV 

! 

6219 

43251 

210 

Oil  I  A    1  O 

Z619. lo 

loU/U  —  oAzoo 

/inn 

4UU 

97nn  ni 

Z  /UU.U  i 

12162 

49188 

400 

2620.25 

{ 

2951  -  41104 

40 

2701.48 

II 

14857 

51863 

400 

2622.21 

I 

15070  -  53194 

160 

2702.11 

II 

13434 

— 

50431 

400 

2625.22 

I 

4830  -  42911 

210 

2702.52 

I 

19535 

- 

56527 

80 

2626.24 

J 

14V  /D  —  ooU4z 

oU 

97nA  n9 

Z  /UD. UZ 

i 

3326 

40269 

210 

2628.26 

1670  -  ,59707 

A  AA 

4UU 

97nA 

Z  /Uo.oo 

13349 

50285 

160  d 

2628  89 

j 

14976  -  53003 

40 

2707.03 

J 

23484 

60414 

2629.00 

II 

13412  -  51438 

65 

2707.88 

I 

19256 

_ 

56175 

400 

2632.48 

I 

12162  -  50137 

40 

2708.19 

I 

16431 

- 

53346 

400 

2632.70 

J 

9  AC  1           A  AA9/I 

A(\C\ 
4UU 

97nJl  '^Q 
Z  ( UO.  OV 

! 

15070 

51979 

810 

2633. 13 

! 

1  ^  "7  A           Q  A/i  0 1 

A  nn  *-l 
4UU  a 

97nQ  Qn 

Z  iUO.  OU 

1670 

38576 

290 

2636.54 

2951  -  40868 

2708.93 

I 

4830 

41734 

400  d 

2638.62 

I 

19256  -  57143 

80 

2709.58 

II 

14968 

_ 

51863 

2638.75 

I 

15460  -  53346 

40 

2710.78 

II 

16235 

- 

53114 

160 

2643. 12 

j 

1  Q  "770              I  AAA 

/inn 

4UU 

971 C  rA 
Z  /  lO. OU 

j} 

6219 

43034 

80 

2644.60 

AOIA  /1/1A9A 

6ziy  —  44UZU 

on 

OU 

971ft  ^^9 
Z  /  lO. oZ 

14634 

51438 

210 

2645.69 

} 

15070  -  52856 

80 

2717.53 

I 

14976 

51763 

650 

2646.18 

I 

3326  -  41104 

2717.61 

I 

15070 

_ 

51856 

400 

2646.73 

I 

4830  -  42601 

80 

2718.04 

II 

16590 

53370 

160 

2647.09 

J 

oziv  -  4jyoo 

9 1  nn 

Z  lUU 

971fl  01 
Z  /  lo.  VI 

{ 

2951 

39720 

75 

2647.74 

! 

OC9AA  A9AA/i 

zo/uy  —  ozyoo 

'^9n 
ozu 

9710 

Z  1  1  7  .  JO 

16431 

53194 

17008  -  54733 

210 

2719.86 

I 

2951 

39707 

160 

2652.59 

16431  -  54119 

160  d 

2722.67 

14976 

51694 

40 

2653.42 

16553  -  54229 

2722.81 

15147 

51863 

332 


Tungsten  — all  observed  Zine5— Continued 


Intensity 

and 
Character 

Wavplf*nffth 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

u/  fi  v^l^n  crt  h 

Spectrum 

Energy  levels 
in  cm"' 

2600 

2724.35 

I 

2951 

- 

39646 

1600 

2831.38 

I 

2951 

- 

38259 

210 

2724.62 

I 

6219 

- 

42911 

810 

2833.63 

6219 

- 

41499 

400 

2725  03 

3326 

40011 

210 

9R'^'i  64 

^000.  U4" 

2951 

38206 

2725  06 

J 

1670 

38356 

80 

9836  95 

T 

19648 

54896 

130 

2727.95 

T 

6219 

42866 

110 

T 

1670 

36904 

80 

2729.62 

II 

8833 

- 

45457 

40 

2837.77 

I 

18117 

- 

53345 

80 

2733.18 

9528 

- 

46105 

40 

2838.89 

1 

15070 

- 

50285 

40 

2735  98 

19256 

55796 

130 

9R^0  '^4 
^00  7. 0^ 

9528 

44737 

4.0 

9738  00 

16431 

52943 

400 

4.UU 

9R41  ^7 

ZOt-  1 . 0  ( 

J 

4830 

40011 

75 

2740.79 

II 

23804 

60279 

40 

9849  57 

T 

16431 

51600 

160 

2743.43 

I 

13349 

- 

49789 

80 

2843.78 

I 

80 

2744.34 

19828 

- 

56256 

160 

2847.83 

3326 

- 

38430 

40 

2746.21 

15069 

51473 

RIO 

0  lU 

9ft4ft  09 

ZOt-O.  uz 

2951 

38053 

80 

2746.74 

. 

15460 

51856 

160  d 

lUU  u 

9R4Q  47 

19828 

54912 

650 

2748.84 

J 

4830 

41198 

9R49  56 

. 

13307 

48390 

160 

2753.05 

I 

19535 

- 

55847 

130 

2850.81 

I 

15070 

- 

50138 

80 

2754.92 

{ 

13349 

- 

49637 

40 

2852.91 

} 

16431 

- 

51473 

40 

2755.27 

17107 

53390 

80 

9853  50 

15460 

50495 

2755.94 

J 

T-OOU 

41 104 

^  1  lU^" 

40 
^■u 

£.000 .  Ot" 

J 

^^96 
OoZD 

ooOoO 

40 

9760  04 

1  =i070 
1 JU  /  u 

'il  9Q1 
0 1Z7 1 

RO 
ou 

98^^^ 
^oo<j .  0  J 

J 

1  ^'^07 
loou  ( 

4fl'?  1  0 

40  d 

2760.74 

II 

19277 

- 

55488 

650 

2856.03 

I 

1670 

- 

36674 

2760.84 

13307 

- 

49517 

80 

2857.14 

{ 

14976 

- 

49966 

97fil  '^Q 

11 
1 1 

8711 

44912 

160 

iUU 

ZOOO.U4 

i 

6219 

41198 

97fi9  ^^4 

n 

ou  1  7U 

1  ■^o 

i  ou 

ZOUO.  U  i 

1670 
1  u  /  u 

^6'iRR 

OUOOO 

400 

2764.27 

II 

n 

ou  1  uo 

1  "lO 

lOU 

9R6'^  RQ 
^ouo.  07 

T 

1QR96 
1 70ZU 

Ot-  i  00 

210 

2768.98 

I 

1670 

- 

37774 

650 

2866.06 

I 

3326 

- 

38206 

400 

2769.74 

4830 

- 

40924 

40 

2866.39 

1 

4830 

- 

39707 

RIO 

9770  Hfl 
^  I  t  u. oo 

2951 

39030 

40 

T-U 

9R70  01 
ZO  i  u.  7 1 

13349 

48171 

910 

977'<  70 

10ft4R 

00U7U 

1  '^0 

lOU 

9071  Of. 
zo 1 1 . ou 

J 

4R^0 

^0646 

OyOH-O 

810 

2774.00 

4fl'^0 

T-OOU 

40RftR 

rUOUO 

1  "^O 

lOU 

9R7'i  91 
^0  <  0.  ^  1 

T 

19169 

460^9 

l-U^OZ 

810 

2774.48 

I 

6219 

- 

42251 

230 

2878.72 

I 

3326 

_ 

38053 

160 

2776.50 

II 

14857 

- 

50863 

610 

2879. 1 1 

2951 

- 

37674 

40 

9778  M 

II 
1 1 

16590 

52567 

610 
u  lU 

9R70  40 
zo I  7 . ^u 

0 

34719 

IftO 
1  uu 

977Q  l'\ 

1  /^4'^  1 

'^9'10^ 

40 
^u 

9RR0  6'? 
zoou.  uo 

J 

6910 

40094 

HO 

97ftO  9ft 

£.  I  OU.  ZO 

J 

1  7OOO 

OOH-VZ 

QO 

7U 

9RR4  IH 
ZOOH".  lo 

lV04o 

D4olU 

160 

2783.13 

I 

19535 

- 

55455 

90 

2887.66 

I 

13349 

- 

47969 

40 

2785.90 

{ 

18974 

- 

54859 

40 

2893.12 

17701 

- 

52256 

910 

97R7  QR 

^ 1 O 1 . 70 

3326 

39183 

40 
^u 

9ftQ4  96 

^07t.  zu 

13778 

48319 

1  ^0 

0700  (\i 

£.  1  0  7  .  U  i 

1  Qfi4R 

CIC^QO 
J04.7Z 

440 

9RQ6  01 

ZO7U.  u  1 

1 670 
10  /  U 

'161 00 

40 

97QQ 

Z  /  O7.  00 

J 

'fooU 

'fUODO 

1  =;on 
1  ouu 

9RQ6  44 

90^  1 
ZVO  1 

0  /  400 

340 

2791.96 

I 

12162 

_ 

47969 

50 

2900., 52 

I 

13778 

_ 

48244 

810 

2792.70 

{ 

2951 

- 

38748 

50 

2901.79 

17701 

- 

52153 

SO 

4830 

— 

40583 

50 
ou 

9Q07  96 
^ 7U 1 . ^u 

18117 

— 

52,503 

40 

97Q7  90 

, 

1  Q  770 

lo  /  i 0 

/I  Qc:  1 7 

QO  H 

7U  U 

9Q0R  97 

Z  7UO.  z  / 

1  A/I  1  1 

oUoUO 

no 

97QQ  ni 

I  1 

1  Q  1  /I  7 

9Q0R  40 
ZVUo.  4U 

lozoU 

OZOOO 

400 

2799.93 

I 

3326 

_ 

39030 

90 

2909.12 

I 

9528 

_ 

43893 

160  d 

2801.05 

II 

13434 

- 

49125 

230 

2910.48 

3326 

- 

37674 

/OU  1.1/ 

! 

12162 

- 

47851 

970 
Z  /U 

9Q  1  1  00 
ZV 1 1  .UU 

} 

0 

- 

34342 

flO 

9«n9  Q*^ 

1  Q  770 

lo  /  /o 

QO 

9Q1^  19 
lo.  IZ 

i4y  /o 

4yz  /  u 

flO 
ou 

OQAA  09 

} 

OZ  ly 

A  1  Q  7 

4  lo  /z 

QO 

9Q1 1:  CQ 
Z7 1 0 .  oy 

1  /UUo 

oizyo 

130 

2804.24 

I 

16431 

_ 

52081 

50 

2917.67 

I 

18974 

_ 

53238 

80 

2804.68 

{ 

17701 

- 

53346 

360 

2918.25 

6219 

- 

40476 

1  in 

ZoUo.Oo 

18117 

- 

53749 

^0 

901 «  f^l 
ZV  lo.Do 

II 
it 

11301 

— 

45554 

OQAC  no 
ZoUo.VZ 

II 

16235 

c  1  o£  0 

51863 

oOU 

OQOO  in 
zVZo.  lU 

} 

4830 

39030 

nn 
ou 

9 on 7  79 
ZoU  / .  (  z 

1  no  c  /I 

19254 

c  /1 0  cn 

9*^0 
ZoU 

OQOO  CA 

one  1 

0  / 146 

65 

2808.57 

I 

18280 

_ 

53875 

230 

2925.13 

I 

15460 

_ 

49637 

40 

2812.25 

II 

13434 

- 

48983 

90 

2926.99 

17701 

- 

51856 

ZO 10. lo 

17701 

53238 

'^O 

ou 

9097  Q*^ 

ZVZ  i . 70 

! 

18974 

53118 

oU 

j 

19535 

55043 

QO 

} 

3326 

37466 

olU 

zolo.UO 

6219 

41694 

oU 

OQOQ  A^f. 

ZVZo.OO 

13349 

47484 

160 

2822.57 

II 

13412 

48831 

80 

2930.15 

I 

15070 

49188 

130  d 

2827.15 

19648 

55009 

690 

2935.00 

1670 

35732 

2827.29 

15069 

50429 

50 

2935.63 

15460 

49514 

260 

2829.82 

13349 

48676 

95 

2936.01 

6219 

40269 

40 

2830.29 

12162 

47484 

50 

2936.66 

23046 

57089 

333 


Tungsten  —  all  observed  /inei  — Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

95 

2937. 14 

{ 

iyo2o 

-  33od3 

260 

3120.18 

6219 

38259 

140 

onon  AC 

2939.05 

ozl9 

-  40234 

160 

3133.88 

13778 

45678 

50 

2941.25 

13349 

-  4/338 

130 

3141.42 

12162 

43985 

2400 

2944.40 

I 

2951 

-  36904 

65 

3149^85 

II 

13173 

44912 

2400 

2946.99 

I 

2951 

-  36874 

65 

3152.95 

I 

16431 

— 

48138 

4oU 

or> /I  *7  OCX 

2947.39 

4o3U 

0  0*7  1  O 

—  3o /4o 

65 

3155.09 

1  OOOA 

18280 

A  AA^/; 

49966 

210 

2952.29 

11 

14968 

-  48831 

95 

3159.18 

13778 

45422 

95 

2954.90 

18974 

-  52806 

290 

3163.42 

15070 

46672 

95 

2960.15 

I 

13307 

-  47079 

130 

3164.44 

I 

13349 

44940 

440 

2964.52 

I 

2951 

-  36674 

130 

3165.38 

I 

18117 

- 

49700 

95 

2966.58 

J 

1  /  lu  / 

-  50806 

65 

3167.58 

27849 

59410 

2967.07 

} 

1     1  A"' 

1  /  lU  1 

C  AO  An 

95 

3170.21 

OAC  1 

2951 

34486 

50 

2967.55 

15460 

-  49148 

320 

3176  60 

j 

1670 

33141 

80 

2969.62 

I 

13778 

-  47443 

130 

3179.06 

I 

17701 

49148 

150 

2971.68 

I 

1670 

-  35311 

65 

3180.74 

I 

13307 

_ 

44737 

150 

2972.92 

J 

12162 

-  45790 

190 

3181.82 

16431 

47851 

95 

2976.80 

13349 

-  46932 

130 

3184.05 

18117 

49514 

480 

2977.11 

19648 

-  53228 

130 

3184.42 

3326 

34719 

2977.21 

3326 

-  36904 

65 

3189.24 

II 

15147 

46493 

730 

d 

2979.71 

I 

19256 

-  52806 

390 

3191.57 

I 

0 

- 

31323 

2979.86 

I 

3326 

-  36874 

390 

3198.84 

I 

4830 

36082 

150 

2982.61 

{ 

19256 

-  52774 

520 

3207.25 

j 

2951 

34122 

95 

2984. 14 

6219 

-  39720 

140 

3208  28 

3326 

34486 

150 

2990^51 

I 

4830 

-  38259 

1000 

3215.56 

I 

6219 

37309 

50 

2990.71 

I 

6219 

-  39646 

140 

3221.21 

I 

18117 

- 

49152 

400 

2993.61 

6219 

-  39614 

140 

3221.91 

3326 

34354 

240 

2995.26 

4830 

-  38206 

190 

3232.49 

6219 

37146 

190 

2997.79 

3326 

-  36674 

80 

3?3?  6S 

15460 

46385 

50 

3000.24 

I 

19535 

-  52856 

140 

3237.09 

I 

9528 

4041 1 

80 

3001.98 

I 

13778 

-  47079 

140 

3242.03 

I 

21449 

_ 

52285 

50 

3002.83 

19826 

-  53118 

140 

3252.29 

} 

23047 

53786 

190 

3009.09 

4830 

-  38053 

210 

3254.36 

15070 

45789 

360 

3013.79 

4830 

-  38001 

140 

3259.43 

j 

18117 

48788 

3016.47 

6219 

-  39361 

210 

3259.66 

4830 

35499 

770 

3017.44 

I 

2951 

-  36082 

210  d 

3266.62 

I 

21453 

_ 

52057 

110 

3024.50 

II 

11301 

-  44355 

3266.77 

I 

19535 

- 

50138 

210 

3024.93 

{ 

1670 

-  34719 

150 

3281.94 

20064 

50525 

310 

d 

30?(S  67 

19826 

-  52856 

150 

3293.71 

12162 

42514 

3026.79 

I 

13778 

-  46806 

730 

3300^82 

I 

4830 

351 17 

160 

3033.56 

I 

12162 

-  45117 

440 

3311.38 

I 

2951 

_ 

33141 

160 

3034.19 

I 

19826 

-  52774 

75 

3316.09 

I 

1670 

31818 

160 

3039.31 

75 

3320.36 

{ 

9528 

39637 

440 

d 

3041.73 

15460 

-  48326 

440 

3326  20 

6219 

36275 

3041.86 

I 

440 

3331.69 

I 

32958 

270 

3043.80 

I 

4830 

-  37674 

75 

3345.09 

I 

29460 

_ 

59346 

440 

3046.44 

I 

1670 

-  34486 

75 

3345.86 

I 

13349 

43228 

110 

3048.66 

18280 

-  51072 

150 

3354.45 

} 

4830 

— 

34633 

80 

OU-+V.UU 

{ 

28392 

-  61180 

i  <J 

3363  34 

6219 

35943 

o  1  n 
o  1 U 

3049.69 

zvo  1 

00  t  ')Z 

150 

3371.04 

I 

o^tou 

55 

3054.01 

I 

9528 

-  42262 

80 

3371.35 

I 

1670 

31323 

110 

3064.93 

I 

3326 

-  35943 

390 

3373.75 

I 

3326 

— 

32958 

180 

3073.28 

{ 

6219 

-  38748 

80 

3388.82 

{ 

21449 

— 

50949 

110 

23955 

-  56439 

fin 

3391.09 

15460 

44940 

lou 

d 

3084.83 

J 

1  <  iU  ( 

80 

339  L  52 

I 

1  ou  1  u 

44^47 

3084.91 

I 

3326 

-  35732 

80 

3398.09 

I 

19256 

_ 

48676 

95 

c 

3089.06 

I 

23484 

-  55847 

80  h 

3408.38 

23047 

— 

52378 

3089.18 

14976 

-  47338 

150 

3412.96 

4830 

34122 

oUoV.O  1 

} 

2951 

-  35311 

150 

3413  53 

2951 

32238 

65 

3090.58 

19254 

-  51600 

150 

3422.42 

I 

24763 

C  0  A"7  1 

o3y  /4 

370 

3093.50 

J 

4830 

-  37146 

150 

3427.71 

I 

13349 

42514 

65 

3105.88 

I 

19828 

-  52015 

230 

3429.59 

j 

19535 

48685 

240 

3107.23 

3326 

-  35499 

240 

3'143.00 

} 

12162 

41198 

240 

3108.02 

2951 

-  35117 

o44f3.f5o 

15460 

44447 

65 

3111.12 

15460 

-  47593 

80 

3463.25 

2951 

31818 

230 

3117.57 

13307 

-  45374 

80 

3468.40 

13778 

42601 

334 


Tungsten  —  all  observed  /mes— Continued 


Intensity 

Wavelength 
in  A 

Snpptrii  m 

Ulll 

Energy  levels 
in  cm"' 

Intensity 

Wavelength 
in  A 

Opcc II  Ulll 

Energy  levels 
in  cm"' 

OA 

. 

7A 
/U 

07A7  QA 

0  / 1)  / .  84 

1 7Z00 

40  ty\j 

160 

3477.94 

J 

1000 

3768.45 

J 

10  i  u 

9ft  1 QQ 
ZOI77 

80 

3481.82 

I 

19256 

_ 

47969 

120 

3769.21 

I 

14976 

41499 

400 

3495.24 

I 

19648 

- 

48251 

120 

3769.86 

I 

15460 

- 

41979 

160 

3508.73 

I 

3326 

— 

31818 

70 

3772.42 

I 

20983 

- 

47484 

iOU 

, 

^ld^'< 

0  itoo 

0770  71 
0110.11 

lo  i  to 

4.A0AA 
4UZO7 

80 

3521.91 

J 

1 11d.Q 

dl  7^d. 

75 

3778.55 

1  Q^^/lft 

1  V04o 

401U0 

160 

3526.85 

I 

13349 

_ 

41694 

75 

3778.69 

I 

18280 

44737 

160 

3535.54 

I 

13307 

- 

41583 

1000 

3780.77 

I 

2951 

- 

29393 

160 

3537.45 

I 

15070 

- 

43331 

50 

3783.73 

I 

19256 

- 

45678 

OOU 

9ft  lOQ 

00 

07QA  07 
0  /OO.O  / 

1  1  UUO 

4-041  i 

80 

3554.21 

, 

32958 

170 

3792.76 

1  ^"14.0 
100^7 

0  7  t\J  1 

160 

3568.04 

I 

15460 

_ 

43479 

85 

3794.34 

I 

15070 

I 

41417 

240 

3570.65 

I 

3326 

- 

31323 

35 

3796.28 

I 

19535 

- 

45869 

80 

3572.48 

II 

10593 

- 

38576 

70 

3801.51 

I 

13349 

- 

39646 

lOU 

^c^7tl  00 

I  1  UUo 

dd.Q71 

00 

OQAl  Ql 

oou 1 . y 1 

. 

i  7ZDO 

4000 1 

80 

3575.97 

, 

1  "^770 

AMI  A 
41/  04 

26 

3804.07 

J 

lyozo 

Af,-\  Az: 
401UO 

80 

3590.82 

I 

15070 

42911 

290 

3809.22 

I 

2951 

29196 

80 

3592.42 

II 

11301 

- 

39129 

190 

3810.38 

I 

18117 

- 

44353 

240 

3606.06 

I 

1670 

- 

29393 

260 

3810.79 

I 

13778 

- 

40011 

OA 

oU 

oOU/.UO 

lyozo 

4  /o41 

0  c 
00 

0  0 1 C  77 

oolb.  /  / 

OCAQO 

ZoVoo 

c  0 1  0  0 
ozloo 

80 

3613.79 

II 

14004 

70 

3816.39 

{ 

lyzoo 

4o4oz 

1900 

3617.52 

2951 

30587 

1400 

3817.48 

I 

2951 

29139 

160 

3622.34 

I 

19256 

- 

46855 

35 

3820.11 

I 

16431 

- 

42601 

130 

3627.24 

I 

13307 

- 

40868 

35 

3824.15 

I 

18974 

- 

45117 

Q  OA 

OA  0  1  A/1 

1  A7n 
10  /U 

oQi  A/: 

zy  lyo 

AC 

OOO/l  OA 

ooz4.oy 

iyo4o 

A  c;7AA 

4o  /Vu 

240 

3641.41 

II 

Q7  1  1 
0/11 

oOlOo 

95 

3826. 19 

} 

lou  /U 

/111  QQ 

41  lyu 

80 

3646.52 

II 

14634 

42049 

110 

3829.13 

I 

1670 

27778 

80 

3651.00 

I 

17008 

- 

44390 

35 

3834.04 

I 

19828 

- 

45902 

80 

3657.59 

II 

8833 

- 

36165 

1100 

3835.06 

I 

3326 

- 

29393 

Vo 

0000.00 

1  AAO  1 

4o  /  zl 

0000  C  1 
0000. ol 

Izloz 

OOOAA 
OOZUO 

80 

3667.71 

{ 

loll/ 

A  CO  "7  A 

4oo  /4 

90 

3842.31 

{ 

AO  1  A 

ozlV 

00000 

80 

3668.66 

I 

19256 

46506 

730 

3846.22 

I 

1670 

27662 

95 

3674.58 

I 

19648 

- 

46855 

250 

3847.49 

I 

0 

- 

25984 

160 

3675.55 

I 

12162 

- 

39361 

27 

3851.57 

II 

13173 

- 

39129 

OA 

80 

o679.o0 

1  C  ATA 

15070 

/I  no  OA 

42239 

1  CA 

00c  c  c  c 
0000.03 

10770 
lo  /To 

0  A7A7 

39707 

650 

3682.08 

J 

£  0  1  A 

6zl9 

000  7A 

000  /O 

150 

3859.30 

{ 

1 0 1 1 7 
lol  1  / 

A  A  AOA 

44UzO 

400 

3683.30 

I 

18280 

45422 

75 

3861.07 

I 

14976 

40868 

3683.39 

I 

15460 

- 

42601 

35 

3861.24 

I 

12162 

- 

38053 

160 

3683.93 

I 

19535 

- 

46672 

180 

3864.34 

I 

3326 

- 

29196 

OA 

80 

OHO  A 

0004.65 

19254 

46385 

65 

OOAA  AA 

0000.  Uo 

{ 

13778 

39637 

570 

3688.06 

{ 

19648 

46755 

1800 

3867.99 

2951 

28797 

80 

3699.41 

I 

19648 

46672 

250 

3872.84 

I 

3326 

29139 

80 

3702.31 

I 

14976 

- 

41979 

110 

3874.41 

I 

19648 

- 

45452 

80 

3703.38 

I 

29773 

- 

56768 

75 

3875.68 

I 

14976 

- 

40771 

810 

3707.92 

2951 

29913 

730 

3881.41 

4830 

30587 

60 

3714.23 

{ 

17008 

43924 

35 

3883.83 

18280 

44020 

60 

3714^84 

I 

23982 

50894 

35 

3890.75 

I 

18280 

43975 

60 

3715.03 

I 

20428 

- 

47338 

110 

3892.72 

I 

13349 

- 

39030 

60 

3716.08 

II 

15147 

- 

42049 

140  h 

3897.91 

I 

29773 

- 

55420 

85 

3717.08 

17701 

44596 

0  c 
OD 

0AA1  00 

ovUl.oo 

18974 

44596 

100 

3719.39 

17107 

43985 

35 

3903.98 

29773 

55381 

85 

3722^24 

I 

19648 

46506 

75 

3905.97 

I 

19828 

45422 

85 

3730.42 

I 

19826 

_ 

46625 

75 

3918.59 

I 

12162 

— 

37674 

50 

3736.22 

II 

18001 

- 

44758 

35 

3924.36 

I 

20428 

- 

45902 

OA 

30 

o7o9.48 

18280 

45015 

0  c 
00 

OAO/I  Act 

oyz4.oy 

} 

18974 

44447 

120 

3741.71 

14976 

41694 

35 

3926.03 

15460 

40924 

75 

3742^68 

I 

zz4  (  / 

4Vloo 

65 

3930.24 

I 

lyozo 

A  c  OAO 
4oZ0o 

70 

3749.66 

I 

22852 

49514 

80 

3930.47 

I 

14976 

40411 

35 

3751.42 

I 

19254 

45902 

35 

3930.96 

I 

18083 

43515 

35 

O  •?  ^  f\€\ 

3757.08 

j 

6219 

32828 

1  CA 

150 

{ 

13778 

39183 

oiu 

4830 

31433 

18117 

43515 

680 

3760.13 

3326 

29913 

120 

3936.97 

18974 

44367 

26 

3761.61 

18974 

45551 

35 

3937.61 

19535 

44924 

70 

3764.31 

19828 

46385 

35 

3939.43 
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Tungsten— all  observed  /ines— Continued 


T  n  t       Q 1 1 V 

1 11  iciip  11  y 

«  and 

Character 

Wavelength  c 

jjj  ^  bpectrum 

Energy  levels 
in  cm"' 

1  nt^rtcitv 

111  ic  11  oiiy 

and 
Character 

Wavelength  r. 

^  ^  spectrum 

Energy  levels 
in  cm"' 

120 

3947.98  I 

19648  - 

44971 

55 

4115.58  1 

15070 

-  39361 

120 

3952.52  I 

14976  - 

40269 

150 

4118.05  I 

18974 

-  43251 

1  OA 

120 

onco  AA  T 

19256  - 

44547 

1  AA 

100 

4118.19  I 

13778 

-  38053 

160 

3953.15  I 

^01 1 1 

100 

4120.85  I 

1  Q/i^in 
lo4oU 

oA7on 

200 

3955.30  I 

19648  - 

44924 

55 

4122.01  I 

18974 

-  43228 

75 

3958.87  I 

13778  - 

39030 

55 

4123.05  I 

15460 

-  39707 

80 

3962.32  I 

17008  - 

42239 

100 

4125.16  I 

16431 

-  40666 

OA 

80 

OC\£.A   AA  T 

6219  - 

31433 

1  CA 

150 

A  1 O^  OA  T 

19254 

-  43479 

160 

3965.14  I 

00/177 

A  7AQQ 

4  /ooy 

55 

4132.20  I 

130 

3968.59  I 

19256  - 

44447 

100 

4133.48  I 

19535 

-  43721 

80 

3969.20  I 

19828  - 

45015 

55 

4136.35  I 

18280 

-  42450 

150  h 

3970.80  I 

28797  - 

53974 

540 

4137.46  I 

3326 

-  27488 

OA 

80 

0  AT  C   /I  "7  T 

12162  - 

37309 

1  CA 

/I  1  9  O  AO  T 

13307 

-  37466 

45 

3975.90  I 

171  rt7 

A  OOQ 1 

90 

4138.30  I 

1  QQOQ 

130 

3979.29  I 

13307  - 

38430 

55 

4139.32  I 

16431 

-  40583 

130 

3980.64  I 

19826  - 

44940 

110 

4142.25  I 

18117 

-  42251 

35 

3982.87  I 

18117  - 

43217 

140 

4145.16  I 

13349 

-  37466 

AA 

onoo  A7  T 

19254  - 

44353 

1  1  A 

1  lU 

/I  1  /I  c  AC  T 

12162 

-  36275 

250 

3983.29  I 

1  AOO£ 

44924 

55 

4149.44  I 

19648 

-  4.3741 

80 

3991.23  I 

21449  - 

46497 

160 

4154.66  I 

19389 

-  43452 

75 

3992.76  I 

33291  - 

58330 

55 

4160.03  I 

20983 

-  45015 

45 

3993.91  I 

23047  - 

48078 

45 

4160.34  I 

22477 

-  46506 

45 

3997.14  1 

18974  - 

43985 

Art 

90 

410O.65  1 

18280 

-  42262 

45 

3998.16  I 

Z1454  - 

4o4oo 

160 

4170.53  I 

1  QOQA 

A  OOQl 
—  4ZZD1 

75 

3998.76  I 

18974  - 

43975 

450 

4171.17  I 

4830 

-  28797 

80  h 

4000.70  I 

28797  - 

53786 

55 

4180.23  I 

19826 

-  43741 

80 

4001.38  I 

12162  - 

37146 

55 

4183.66  I 

18083 

-  41979 

75 

4005.40  1 

1670  - 

26630 

AA 

90 

A  1  OO  OO  T 

4100.0Z  1 

19826 

-  43721 

8600 

4008.75  I 

2951  - 

27890 

45 

4186.00  I 

1  77A 1 

/I  1  CO  0 

—  41000 

45 

4010.38  I 

23047  - 

47975 

45 

4199.62  I 

17107 

-  40912 

540 

4015.22  I 

19648  - 

44547 

55 

4200.02  I 

16431 

-  40234 

170  h 

4016.52  I 

27488  - 

52378 

90 

4203.82  I 

12162 

-  35943 

220 

4019.23  1 

3326  - 

28199 

1  iCA 

160 

A^f\A   Ar\  T 

19256 

-  43034 

130 

4022.12  I 

19535  - 

44390 

220 

4207.05  I 

19648 

AO  A  1  1 

-  4o411 

180 

4028.79  I 

9528  - 

34342 

110 

4215.38  I 

19535 

-  43251 

45 

4035.36  I 

15460  - 

40234 

55 

4218.55  I 

18280 

-  41979 

180 

4036.86  I 

19256  - 

44020 

250 

4219.37  I 

6219 

-  29913 

140 

4039.85  I 

18974  - 

43721 

110 

/iOOO  A.1  T 

4222.04  1 

15070 

-  38748 

45 

4040.59  I 

19648  - 

44390 

55 

4224.76  I 

O  0  AO  A 

.1  7  C  A  0 

-  4759o 

45 

4043.89  I 

19254  - 

43975 

45 

4226.34  I 

19256 

-  42911 

140  h 

4044.28  I 

26230  - 

50949 

55 

4226.92  I 

18083 

-  41734 

910 

4045.59  I 

2951  - 

27662 

55 

4233.00  I 

18117 

-  41734 

90 

4046.70  I 

13349  - 

38053 

1  Crt 

150 

y1  OO  /I    0  /I  I 

4zj4.o4  1 

19256 

-  42866 

45 

4047.94  I 

1670  - 

26367 

290 

4241.44  I 

15460 

-  39030 

90 

4053.93  I 

IdQVfi  - 

It  7  1  U 

39637 

55 

4243.63  I 

18974 

-  42532 

45 

4060.70  I 

19828  - 

44447 

540 

4244.36  I 

6219 

-  29773 

180 

4064.79  I 

19256  - 

43851 

55 

4249.45  I 

13349 

-  36874 

150 

4069.79  I 

19826  - 

44390 

55 

4258.52  1 

17107 

-  40583 

i  ov 

4830  - 

29393 

290 

4259.35  I 

21449 

-  44920 

0*TV 

4070  fil  I 

1  fi70  - 

55 

4259.93  I 

17008 

-  40476 

100 

4071.93  I 

15460  - 

40011 

200 

4260.29  I 

18117 

-  41583 

80 

4073.15  I 

15070  - 

39614 

200 

4263.30  I 

23047 

-  46497 

5000 

4074.36  I 

2951  - 

27488 

55 

4200.54  1 

23930 

-  47362 

Lo\J 

d089  Q^>  I 

19256  - 

43741 

1400 

4269.38  I 

2951 

-  26367 

'rUOO.OO  1 

9777R 
z.  t  i  to 

110 

4269.77  I 

18280 

-  41694 

45 

4088.77  I 

19535  - 

43985 

55 

4273.69  I 

22477 

-  45869 

100 

4095.69  I 

17008  - 

41417 

220 

4274.55  I 

20064 

-  43452 

45 

4097.66  I 

18117  - 

42514 

160 

/1 07C   /I  A  I 

18117 

-  41499 

oo 

AHQQ  (\9  I 

19535  - 

43924 

160 

Mlb.l\  I 

19535 

-  42911 

40 

Aini  84.  T 
4- 1 U 1  .oH-  1 

1 10 

4282.34  I 

19256 

-  42601 

1000 

4102.70  I 

6219  - 

30587 

45 

4284.96  I 

19535 

-  42866 

55 

4108.53  I 

18117  - 

42450 

110 

4286.01  I 

13349 

-  36674 

150 

4109.75  I 

13349  - 

37674 

110 

4294.10  I 

13307 

-  36588 

55 

4110.57  I 

18280  - 

42601 

4100 

4294.61  I 

2951 

-  26230 

100 

4111.82  I 

1670  - 

25984 

2200 

4302. 1 1  I 

2951 

-  26189 
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Tungsten  —  all  observed  /iraes— Continued 


Intensity 

and 
Character 

Wavelength  e 

.    i  "  spectrum 
in  A 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

Wavelength  c 

•    i  bpectrum 
in  A  ^ 

Energy  levels 
in  cm"' 

160 

4306.87  I 

24763 

_ 

47975 

150 

4551.82  I 

13349 

_ 

35311 

110 

4307.64  I 

19826 

_ 

43034 

35 

4556.83  I 

23930 

_ 

45869 

55 

4316.80  I 

23455 

- 

46613 

35 

4558.94  I 

18083 

- 

40011 

55 

4327.40  I 

27849 

— 

50951 

35 

4559. 10  I 

14976 

- 

36904 

80 

4330.66  I 

75 

4563.57  I 

19828 

41734 

80 

4330.97  I 

19828 

_ 

42911 

35 

4565.30  I 

14976 

_ 

36874 

110 

4332.13  I 

14976 

_ 

38053 

140 

4570.64  I 

23047 

_ 

44920 

45 

4345.83  I 

18974 

41979 

35 

4578.32  I 

29460 

51296 

100 

4347.00  I 

109'^4 

35 

4579.69  I 

aoooo 
oZoZo 

O^-OD  / 

45 

4347.50  I 

IVZot) 

A  OOC  1 

4zzol 

65 

4586.83  I 

nc  oo 
95z8 

0  1  OO  0 

61626 

55 

4348.11  I 

20983 

_ 

43975 

170 

4588.73  I 

26189 

_ 

47975 

150 

4355.17  I 

12162 

_ 

35117 

75 

4592.39  I 

19648 

_ 

41417 

lUU 

^oul.ol  1 

6219 

- 

29139 

c  c 
00 

/I  coo  (^7  T 

4oyz.o/  1 

13349 

- 

35117 

150 

4364.78  I 

3326 

- 

26230 

140 

4599.94  I 

24763 

- 

46497 

100  d 

4365.95  I 

oo  ono 

c  1  on  1 

30 

4600.41  I 

18280 

40011 

4o0t).U/  1 

1  QQ7/1 

loV  (4 

/I  1  Q70 

140 

4609.89  I 

15460 

_ 

37146 

150 

4372.52  I 

3326 

_ 

26189 

160 

4613.30  I 

6219 

27890 

200 

4378.48  I 

4830 

- 

27662 

23 

4614.83  I 

19535 

- 

41198 

180 

4384.85  I 

15460 

- 

38259 

30 

4620.52  I 

19535 

- 

41171 

55 

4389.84  I 

19828 

42601 

27 

4623.64  I 

16431 

38053 

80 

4394.07  I 

18117 

40868 

60 

4634.79  I 

16431 

38001 

100 

4403^95  I 

17008 

39709 

35 

464L76  I 

4830 

26367 

200 

4408.28  I 

26676 

- 

49355 

100 

4642.53  I 

13778 

- 

35311 

130 

4412.19  I 

3326 

- 

25984 

35 

4643.12  I 

20983 

- 

42514 

45 

4415.08  I 

18280 

40924 

35 

4646.14  I 

19254 

40771 

45 

4418.44  I 

20428 

43054 

130 

4657.42  I 

27890 

49355 

90 

4420^46  I 

19256 

41872 

640 

4659^87  I 

0 

21454 

80 

4423.77  I 

22853 

- 

45452 

25 

4661.24  I 

22477 

- 

43924 

45 

4425.91  I 

18280 

- 

40868 

35 

4661.98  I 

15460 

- 

36904 

160 

4436.90  I 

20983 

43515 

40 

4668.46  I 

15460 

36874 

45 

4438  28  I 

18974 

41499 

50 

4676  62  I 

19535 

40912 

75 

4441.81  I 

17107 

39614 

60 

4677.69  I 

19826 

41198 

90 

4445.14  I 

14976 

- 

37466 

30 

4679.04  I 

18280 

- 

39646 

90 

4449.00  I 

12162 

34633 

640 

4680.51  I 

4830 

- 

26189 

45 

4450.34  I 

22477 

44940 

40 

4683.54  I 

19826 

41171 

35 

4455.46  I 

19256 

41694 

100 

4693.72  I 

26676 

47975 

35 

4456^10  I 

27849 

50284 

30 

4698^62  I 

19828 

41104 

45 

4458.09  I 

13307 

- 

35732 

50 

4700.42  I 

6219 

- 

27488 

35 

4458.28  I 

19828 

- 

42251 

30 

4702.47  I 

18974 

- 

40234 

140 

4460.49  I 

13778 

— 

36190 

20 

4706.16  I 

16431 

37674 

75 

23930 

46328 

25 

4710.32  I 

27849 

49073 

140 

4466.34  I 

13349 

35732 

25 

471L17  I 

19256 

40476 

140 

4466.74  I 

40 

4712.49  I 

14976 

- 

36190 

45 

4474.03  I 

23982 

- 

46327 

25 

4716.86  I 

17008 

- 

38203 

45 

4481.27  I 

23982 

— 

46291 

25 

4718.62  I 

23930 

— 

45117 

U'tU 

23965 

25 

4720.39  I 

13307 

34486 

45 

4489.01  I 

9Q0)  9 

1  oo 

50 

4725^12  I 

19254 

40411 

45 

4492.30  I 

17107 

_ 

39361 

80 

4729.65  I 

13349 

_ 

34486 

75 

4493.96  I 

19254 

- 

41499 

20 

4745.59  I 

18117 

- 

39183 

80 

4494.50  I 

19256 

— 

41499 

30 

4752.20  I 

18974 

— 

40011 

45 

4495.29  I 

15070 

37309 

30 

4752  58  I 

13307 

34342 

30 

4498^45  I 

1flQ74 

41198 

20 

4753.39  I 

23982 

45014 

35 

4504.13  I 

24610 

_ 

46806 

140 

4757.54  I 

2951 

_ 

23965 

160 

4504.84  I 

12162 

- 

34354 

25 

4757.78  I 

15070 

- 

36082 

130 

4512.88  I 

18117 

— 

40269 

20 

4758.20  I 

23930 

— 

44940 

120 

4513.25  I 

35499 

18 

4767.78  I 

29460 

50429 

35 

4519!l5  I 

23982 

46104 

35 

4773.89  I 

13778 

34719 

35 

4529.74  I 

22477 

44547 

16 

4780.50  I 

23455 

44367 

35 

4530.45  I 

12162 

34229 

25 

4787.92  I 

13349 

34229 

65 

4534.68  I 

19826 

41872 

20 

4788.42  I 

16431 

37309 

19828 

41872 

25 

4797.55  I 

19828 

40666 

65 

4536.64  I 

21856 

43893 

80 

4799^91  I 

19648 

40476 

35 

4542.87  I 

15460 

37466 

50 

4807.38  I 

12162 

32958 

150 

4543.54  I 

21449 

43452 

20 

4816.10  I 

19254 

40011 

150 

4546.47  I 

18280 

40269 

20 

4816.84  I 

28600 

49355 
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Tungsten  — all  observed  /ines— Continued 


Intensity 

and 
Character 

Wavelength  c 

^  "  bpectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  ^ 

jj,  bpectrum 

Energy  levels 
in  cm"' 

25 

4835.01  I 

20428  - 

41104 

13 

5368.68  I 

28233 

-  46855 

790 

4843.81  I 

3326  - 

23965 

22 

5374.14  I 

20428 

-  39030 

40 

4854.08  I 

13349  - 

33944 

22 

5388.00  I 

19648 

-  38203 

25 

4863.06  I 

22477  - 

43034 

15 

5397.95  I 

19254 

-  37774 

ZD 

/1Q7Q  no  T 

18083  - 

38576 

1 1 

22477 

-  40924 

380 

4886.90  I 

6219  - 

26676 

7 

5422.88  I 

22477 

-  40912 

16 

4888.37  I 

13778  - 

34229 

7 

5423.93  I 

19828 

-  38259 

16 

4890.27  I 

16431  - 

36874 

55 

5435.03  I 

1670 

-  20064 

16 

4890.87  I 

20428  - 

40868 

11 

5435.59  I 

17107 

-  35499 

OU 

/1QQ0  AO  T 

22477  - 

42911 

n 

y 

544U.U5  1 

19826 

-  38203 

30 

4902.32  I 

19254  - 

39646 

22 

5456.58  I 

23930 

-  42251 

16 

4902.95  I 

19256  - 

39646 

7 

5457.92  I 

29853 

-  48170 

25 

4910.74  I 

19256  - 

39614 

11 

5475.11  I 

28199 

-  46458 

30 

4916.18  I 

14976  - 

35311 

40 

5477.78  I 

9528 

-  27778 

15460  - 

35732 

15 

5480.  Ul  1 

31433 

-  49656 

35 

4953.08  I 

19828  - 

40011 

10 

5487.77  I 

4830 

-  23047 

40 

4957.37  I 

13778  - 

33944 

65 

5492.31  I 

29773 

-  47975 

15 

4972.56  I 

19256  - 

39361 

10 

5496.23  I 

22477 

-  40666 

55 

4979.84  I 

18280  - 

38356 

27 

5500.49  I 

19826 

-  38001 

0  - 

20064 

07 

Z 1 

CCAQ    AA  1 

55U0.44  1 

14976 

-  33141 

35 

4983.53  I 

19648  - 

39709 

10 

5508.61  I 

20428 

-  38576 

22 

4984.70  I 

18974  - 

39030 

220 

5514.68  I 

3326 

-  21454 

65 

4986.92  I 

15070  - 

35117 

9 

5521.00  I 

18083 

-  36190 

22 

4989.08  I 

23982  - 

44021 

15 

5531.38  I 

18117 

-  36190 

1  r 
13 

WV4.Uo  1 

15 

CCQ7  70  T 

19256 

-  37309 

15 

4995.29  I 

228.53  - 

42866 

9 

5539.48  I 

20983 

-  39030 

15 

5002.79  I 

20428  - 

40411 

13 

5568.09  I 

34228 

-  52183 

330 

5006.15  I 
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Intensity 

and 
Character 

Wavelength  o 

.    X  "  bpectrum 
in  A 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

•    8  Spectrum 
in  A  ^ 

Energy  levels 
in  cm"' 

17 

5845.27  I 

29393 

- 

46497 

4 

6994.06  I 

19828 

- 

34122 

28 

5851.58  I 

26367 

- 

43452 

8 

7017.88  I 

28204 

- 

42449 

1 1 

rnc/:  T 
DOOO.Ol  1 

20983 

38053 

o 

7AOO  <CO  1 

23982 

38206 

00 

OoO'+.Oo  1 

19828 

36874 

0 
6 

7Ano  00  ¥ 

44547 

'iRfi'?  1 
OOUO  1 

1 1 
1 1 

00/4. 1 

19256 

36275 

A  U 

4  n 

7 1  1  1    1  0  T 

/1 1 1.  lo  1 

904.98 

O't'tOU 

9 

5875.69  I 

17107 

- 

34122 

15 

7140.52  I 

13778 

- 

27778 

13 

5880.21  I 

34122 

- 

51123 

9 

7162.64  I 

18280 

- 

32238 

1  0 

oovl.ol  1 

18974 

35943 

D  n 

i  191.66  1 

31323 

45225 

16 

cnAi  OA  I 

23982 

40923 

r 

5 

7198.62  1 

1 7^0'T 

141 

00 1**  1 

19254 

36190 

1 1 

70AA  1 A  1 
/zUU.  lo  1 

1  3778 

97669 

13 

5928.58  I 

22773 

- 

39636 

5 

7216.35  I 

18974 

- 

32828 

55 

5947.57  I 

13778 

- 

30587 

4 

7226.06  I 

19535 

- 

33370 

20983 

37774 

0 
0 

"700  T    1  0  T 

126 1. 12  1 

37309 

51123 

17701 

34486 

c 
0 

TOT/l    Al  T 

38259 

52002 

27213 

43985 

707Q  0/1  T 

£ty  L  7U 

55 

5965.86  I 

18974 

- 

35732 

15 

7285.81  I 

19648 

- 

33370 

27 

5972.51  I 

3326 

- 

20064 

15 

7296.55  I 

19256 

- 

32958 

on 

C07Q  Of.  1 

28199 

44920 

0 
0 

70OQ  T 

27213 

40911 

OA 

20 

CAOO    00  T 

7 

7385.08  I 

lozou 

0  io  lo 

13 

OUUV.Ul  1 

lOUoo 

'^4.7 1 Q 

4 

745 1 . 39  I 

9A7QQ 

oiJZUO 

55 

6012.78  I 

19648 

— 

36275 

3 

7456.37  I 

26861 

_ 

40269 

40 

6021.52  I 

18117 

- 

34719 

8 

7483.35  I 

20983 

- 

34342 

OA 

20 

^AOO    00  I 

6028.32  1 

29913 

46497 

7 

7504.13  I 

13307 

— 

26630 

20 

6043.31  I 

^707^^ 
ty  lo 

10 

^  r" /\(\  f\f\  T 

7509.00  1 

1  VoZo 

11  1/11 

1  0 

13 

A  /I  A  no  I 

1  RQ7d. 
107  /  ^ 

•31:4.00 

3 

7520.66  I 

1  VOoO 

09090 
OZoZO 

13 

6065.08  I 

20983 

— 

37466 

9 

7537.45  I 

18974 

— 

32238 

22 

6081.44  I 

18280 

- 

34719 

9 

7550.48  I 

18083 

- 

31323 

13 

6111.66  I 

15460 

31818 

17 

7569.92  I 

18117 

31323 

13 

£  1  1  C    c  0  T 

6115.52  i 

0  lo^o 

5 

7582.88  I 

ZoZOo 

41  4.1  7 
4141  / 

oo 

22 

a  1 00  OC  T 

6128.25  1 

00000 

3 

7612.18  I 

Z04O0 

OOOoo 

13 

6143.94  I 

22477 

— 

38748 

17 

7614.15  I 

19828 

- 

32958 

20 

6153.72  I 

19254 

- 

35499 

3 

7631.29  I 

27670 

- 

40770 

OA 

20 

6154.87  1 

17701 

33944 

3 

7654.81  I 

13307 

26367 

20 

6203.51  I 

lQft9H 
1 70Z0 

13 

7688.97  1 

^9H9fl 
o^ozo 

20 

6254.28  I 

000  /  u 

'tyooo 

4 

7701.01  I 

1 VZOD 

27 

6285.88  I 

19828 

- 

35732 

5 

7761.16  I 

13349 

- 

26230 

45 

6292.02  I 

13307 

- 

29196 

3 

7776.73  I 

24610 

- 

37466 

OA 
ZO 

0 AO  0  1  I 
6303.21  1 

19256 

35117 

1 1 

18974 

31818 

1  0 

13 

6386.47  I 

ovooo 

7 

•7OAO  f\C  T 

7808.96  1 

14Q7A 

1 4-7  1  U 

9777S 

Z  M  /  0 

35 

6404.21  1 

OUOO  t 

2 

7823.82  1 

Z740U 

4.99'^Q 

40 

6445.12  I 

18974 

_ 

34486 

4 

7863.47  I 

20428 

— 

33141 

11 

6508.05  I 

13778 

- 

29139 

2 

7867.04  I 

16431 

- 

29139 

1  r 

15 

£  C  0  0    0  A  1 

6532.39  1 

20428 

— 

35732 

4 

lOOCi  ACi  T 

14976 

27662 

13 

6538. 1 1  I 

Ivozo 

00  1  W 

r 

5 

nOO£.    AO  T 

looK)  I 

13 

6563.20  I 

iy2D4 

0/1  A  QA 

9 

"iCiAfx  no  I 

7940.92  1 

1  177Q 

ZOaO  / 

20 

6573.93  I 

20983 

_ 

36190 

3 

7957.06  I 

19254 

_ 

31818 

11 

6607.13  I 

17107 

- 

32238 

22 

8017.19  I 

18117 

- 

30587 

1 1 

6609.05  I 

15460 

- 

30587 

7 

8054.89  I 

13778 

— 

26189 

17 

6611.62  I 

0  0  AC  0 

A  0A70 

22 

8055.64  I 

o220f5 

1 1 

6621.74  I 

1  A  C  0  C 

0  1  0  0 

OTOOZ 

5 

8060.38  1 

loZoU 

oUoHo 

13 

6678.42  I 

18974 

_ 

33944 

13 

8123.82  I 

18280 

_ 

30587 

15 

6693.08  I 

14976 

29913 

5 

8143.19  I 

23455 

_ 

35731 

5 

6746.56  I 

23930 

38748 

3 

8165.72  I 

28233 

40476 

5 

6764.45  I 

4.94.4.0 

5 

8210.22  I 

1  7^0U 

31433 

7 

6805.31  I 

19254 

33944 

4 

8322.05  I 

23930 

35943 

9 

6814.92  I 

22477 

- 

37146 

10 

8338.08  I 

19828 

- 

31818 

0 

19828 

- 

34486 

A 

QO4Q  Q]  I 
00^0.01  1 

20983 

- 

32958 

Q 

31818 

46458 

7 

oqcQ  70  I 

23982 

35943 

0000.  /  4-  1 

19535 

34122 

0 
0 

0000  04  I 
0O0Z.V4  1 

9528 

21454 

A 

OO/O.Ul  1 

35117 

49656 

A 
4 

04 AO  f,(\  I 
O4UZ.0U  1 

19535 

31433 

13307 

27778 

4 

0471;  14  T 

18117 

29913 

5 

6908.29  I 

27 

8585.11  I 

22477 

34122 

9 

6934.23  I 

14976 

29393 

10 

8594.42  I 

18280 

29913 

8 

6964.12  I 

13307 

27662 

8 

8613.27  I 

19826 

31433 

13 

6984.27  I 

13349 

27662 

3 

8614.50  I 

19828 

31433 

8 

6993.27  I 

19826 

34122 

13 

8865.53  I 

18117 

29393 

339 


Uranium 

U,  Z  =  92,  M  =  238.029,  Ratio  ^  =  3.746 

Lu 

U  I  Normal  state  of  valence  electrons  Sfedls^  ^L^  =  0.  LP.  =  48800  cm-i. 
U  II  Normal  state  of  valence  electrons  Spis^  ^1°  1/2  =  0.  LP.  =  96000  cm-i. 
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Strong  lines  of  uranium 
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1749  -  38968 

65 

2609.26 

II 

24 

2689.13 

II 

H'i 
00 

9f>  1  9  Aft 

II 
11 

130 

2690.51 

II 

150 

2613.95 

II 

320 

269  L  04 

II 

50 

2615.95 

II 

100 

2691.80 

II 

8394  -  45533 

100 

2616.07 

II 

200 

2692.36 

II 

65 

2621.81 

II 

170 

2693.77 

II 

341 


Uranium  —  all  observed  /ines— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

T?  11 

hnergy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  c 

if,  ^  spectrum 

Energy  levels 
in  cm"' 

50 

2694.22 

TT 
11 

130 

2758.50  11 

200 

2090. 4y 

TT 
11 

150 

0*7 r  O   f\£  TT 

2758.96  11 

50 

2695.91 

II 

130 

2759.79  II 

40 

2696.30 

II 

35 

2760.33  II 

100 

2697.40 

II 

270 

zoyo.UD 

TT 
11 

2/ 

0'7/^  1    1  O  TT 

100 

n^;  no  a  c 

2698.45 

TT 
11 

340 

OTzr  fi  or  TT 

2762.85  11 

24 

2699.37 

II 

100 

2764.25  II 

65 

2700.96 

II 

200 

2765^40  II 

0  -  36150 

85 

2701.55 

II 

190 

2766.88  II 

ib 

OTA/l  OA 

2704.80 

TT 
11 

390 

2770.04  II 

200  d 

2705. 19 

TT 
11 

95  d 

m^rt   1  o  TT 

2772.18  II 

27 

2705.77 

II 

190 

2772.59  II 

370 

2706.95 

II 

150 

2773!61  II 

27 

2708.50 

II 

120 

2774.74  II 

dO  d 

O'TAA  AO 

2709.03 

TT 
11 

120 

2775.02  II 

1  AA 

OTAA   C  1 

2709.51 

TT 
U 

4420  -  41317 

85 

c\^^f    an  TT 

2775.22  II 

65 

2711.10 

II 

914  -  37789 

85 

2775.78  II 

65 

2711.76 

II 

85  d 

2776.29  II 

130 

2712.06 

II 

75 

2778.45  II 

9553  -  45533 

65 

2713.91 

II 

170 

2779.41  II 

100 

2714.58 

II 

190 

2780.04  II 

0  -  35960 

100 

2715.54 

II 

2295  -  39109 

220 

2780.77  II 

85 

2716.39 

II 

220 

278  L  04  II 

50 

2717.56 

II 

190 

2781.62  II 

130 

2719.33 

II 

120 

2782.07  II 

200 

2723.03 

TT 

II 

170  d 

2783.29  II 

35 

2725.07 

n 

410 

2784.45  II 

0  -  35903 

100 

2725'52 

II 

170 

2784^67  II 

130 

2725.94 

II 

2294  -  38968 

75 

2784.92  II 

8276  -  44174 

100 

2727.34 

II 

60 

2785.17  II 

120 

2728.55 

IT 

II 

170  d 

2787.33  II 

120 

2728.7 

II 

150 

2788  13  II 

50 

2729.26 

11 

170 

2790.66  II 

170 

2730.31 

II 

120 

2791.07  II 

100 

2731.27 

1  T 

II 

75 

2791.26  11 

r  A  J 

50  d 

2732.95 

IT 

II 

830 

2793.94  II 

50 

2733.77 

II 

190 

2795  23  II 

370 

2733'97 

II 

290 

2797. U  II 

120 

2734.96 

II 

85 

2797.30  II 

85 

2735.58 

II 

85 

2797.77  II 

85  d 

2737.07 

II 

120 

2799.12  II 

100 

2738. 13 

II 

870 

2802  56  II 

289  -  35960 

50 

2738.41 

II 

120 

2803.83  II 

100 

2738.98 

II 

170 

2805.24  II 

170 

2739.39 

II 

289  -  36783 

630 

2807.05  II 

289  -  35903 

65 

2740.86 

II 

440 

2808.98  II 

oo 

974.1  Aft 

TT 
1 1 

2809.95  II 

130 

2741.75 

II 

120  d 

2810^35  II 

85  d 

2742.60 

II 

290 

2811.38  II 

1749  -  37308 

100 

2743.22 

II 

170 

nm      f\  A  TT 

2813.04  U 

100 

2743.66 

II 

120 

2815.76  II 

oo 

074.4,  97 

II 

170 

28 IS  98  II 

289  -  35790 

170 

2744.40 

II 

60 

2816.74  II 

130 

2746.16 

II 

1749  -  38152 

630 

2817.96  II 

60 

2746.3 

II 

120 

no  1  o  oo                    T T 

2818.98  11 

50 

2747.15 

II 

220 

OOlOOj*  T¥ 

2819.84  II 

100 

2747.36 

II 

190 

2820.27  II 

170 

2748.45 

II 

870 

2821.12  II 

100 

2749.96 

II 

390 

2824.37  II 

289  -  35685 

50 

2750.13 

II 

1  on 

9fl9A  Sif\  TT 
ZoZ^-.OD  11 

470 

2754.16 

II 

130 

2755.13 

II 

1  on 

OQOc:  oc  IT 
ZOZO.OO  11 

A 
OU 

Ziol  .DO 

II 
11 

220 

2826.19  II 

65  d 

2757.92 

II 

95 

2827.00  II 

2758.18 

II 

680 

2828.90  II 

342 


Uranium— all  observed  /irees  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

spectrum 

Energy  levels 
in  cm 

Intensity 

and 
Character 

Wavelength  c 

in  A  spectrum 

Energy  levels 
in  cm"' 

190 

2829.37 

II 

490 

2882.74  II 

920 

ZOOZ.UD 

II 
11 

OQQO  QQ  TT 

zooz.yo  11 

99(1 

2833.82 

II 

85  h 

2883.75  II 

95 

2834.55 

II 

150  d 

2884.92  II 

150 

2835.80 

II 

95 

2885.19  II 

360 

2837.19 

II 

914  -  36150 

95 

2886.05  II 

220 

£,oo  1  .OO 

11 

I  Oft  A 
IVU  a 

9QQA  AC.  TT 
ZOOO.'+O  11 

OQO  Q/lOO/1 

zijy  —  o4yz4 

0<^ 

yo 

2837.73 

II 

460 

2887.25  II 

75 

2838.62 

II 

915  -  36133 

150 

2887.59  II 

9553  -  44174 

460 

2839.89 

II 

289  -  35491 

95 

2887.91  II 

95 

2840.47 

II 

410 

2888.26  II 

0  -  34612 

190 

d 

IT 

ion 

OQOQ  J/t  IT 
Zooo.  i'r  11 

^^n 

ouu 

2842.09 

II 

1200 

2889.63  II 

289  -  34886 

95 

2842.24 

II 

150  d 

2891.80  II 

95 

2842.48 

II 

95 

2893.76  II 

150 

2844.99 

II 

320 

2894.14  II 

190 

Zo4D.0U 

IT 
11 

dtfi 

4'lU 

ZoVt-.OI  11 

1  "^n 

2845.96 

II 

95 

2894.84  II 

95 

2846.14 

II 

8510  -  43635 

95 

2894.89  II 

95 

2847.34 

11 

190  d 

2895.54  II 

50 

2847.72 

II 

240 

2896.68  II 

60 

OQ/iQ  AC 

TT 
it 

OD 

OQOA  OA  TT 
ZoVO.yt)  11 

OOU 

2849.48 

II 

150 

2898.01  II 

150 

2849.7 

II 

150 

2898.1  II 

95 

2849.98 

II 

95 

2898.37  II 

190 

2850.49 

II 

95 

2898.56  II 

95 

f)QCA  QO 

ZooU.o/ 

TT 
It 

OQOQ  71  TT 
ZoVo.  /  I  11 

00O/1  QA7Q0 
ZZy4   —  oO/oZ 

1  on 

2851.81 

II 

190 

2901.22  II 

150 

2852.09 

II 

150 

2902.41  11 

190 

2852.75 

II 

95 

2902.81  11 

0  -  34439 

50 

2852.94 

II 

95 

2903.05  II 

190 

OQ  C  Q    ^  O 

zooo.'tz 

TT 
11 

loU 

OQAQ  ^C,  TT 
ZyUo.OO  11 

1  on 

2853.57 

II 

1749  -  36782 

120 

2904.02  II 

95 

2854.92 

II 

150 

2904.41  II 

150 

2855.96 

I 

0  -  35004 

240 

2904.51  II 

289  -  34708 

95 

2857.47 

II 

780 

2906.80  II 

290 

OQCQ  nr, 

zooo.yu 

TT 
11 

I  OA 

onn^  oi  TT 

zyuo.yi  11 

1  on 

2859.74 

II 

780 

2908.28  II 

390 

2860.47 

II 

0  -  34949 

190 

2908.41  II 

170 

2860.80 

II 

190 

2909.25  II 

170 

2861.13 

II 

170 

2910.82  II 

120 

ZOOZ.41 

II 
11 

o^ 

001  1  E^tr  IT 

zyii.oo  11 

nc 
95 

2862.62 

II 

4585  -  39508 

150 

2912.58  II 

289  -  34612 

75 

2862.80 

11 

95 

2912.75  II 

95 

2863.44 

II 

150 

2913.44  II 

95 

2863.54 

II 

320 

2914.25  II 

289  -  34593 

150 

2864. 10 

I  T 
11 

360 

Z914.63  11 

150 

2864.28 

II 

95 

2914.84  11 

290 

2865.14 

II 

220  d 

2915.54  II 

970 

2865.68 

II 

0  -  34886 

220 

2916.46  II 

150 

2866.16 

II 

95 

2918.37  11 

95 

2867.80 

11 

95 

on  1  O                         T T 

zyio.oo  11 

190 

2868  19 

II 

170 

2918.97  II 

5260  -  39508 

190 

d 

2869  37 

II 

440  d 

2921.68  II 

340 

2870.97 

II 

2921.72  II 

95 

2873.00 

II 

95 

2922.06  II 

220 

OOT/I  AO 

z874.0o 

I  1 
11 

oc 
y5 

OOOQ  17  TT 

zyzo.  1  /  11 

A         0/11  OQ 

220 

2875.20 

II 

914  -  35685 

270 

2923.50  II 

190 

d 

2876.43 

II 

170 

2924.58  II 

95 

2877.05 

II 

95 

2925.22  II 

50 

2877.83 

II 

270 

2925.57  II 

95 

2878.87 

II 

170 

2925.98  II 

240 

d 

2879.59 

II 

95 

2926.13  I 

0  -  34164 

190 

2880.59 

II 

95 

2926.39  II 

95 

2882.34 

II 

220 

2926.59  II 

343 


Uranium  — all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm  ' 

Intensity 

and 
Character 

Wavelength  o 

t  oDectrum 

Energy  levels 
in  cm"' 

320 

2927.38 

II 

289  -  34439 

530 

2984.61  II 

490 

2928.60 

II 

95 

2985.08  II 

170 

2929.12 

II 

170  d 

2985.80  II 

220 

2929.64 

II 

170 

2987.80  II 

289  -  33749 

170 

2929.78 

II 

95 

2987.95  II 

190 

2930.43 

II 

290 

2988  42  II 

120 

2930.59 

II 

0  -  34112 

240 

2988.71  II 

580 

2931.41 

I 

290 

2989.88  II 

220 

2931.89 

II 

95 

2990.21  II 

120 

2932.18 

II 

410 

2992.72  II 

440 

2932.61 

II 

170 

2993.70  II 

340 

2933.86 

II 

120 

2994^45  II 

170 

2935.62 

II 

120 

2996. 10  II 

270 

2936.45 

II 

120 

2996.39  II 

95 

2936.78 

IT 
11 

1749  -  35790 

120 

2998.36  I 

0  -  33341 

120 

2937.35 

II 

914  -  34949 

170 

2999.03  II 

220 

2939.04 

II 

170 

2999.22  II 

120 

2939.49 

II 

9626  -  43635 

170 

3000.09  II 

95 

2940.04 

II 

120 

3001.21  II 

530  d 

2940.37 

11 

120 

3002.64  II 

220 

2941.34 

II 

240 

^00'^  07  TI 

0\J\JtJ.\J  1  11 

1300 

294L92 

II 

5527  -  39508 

290 

3003.32  II 

220 

2942.12 

II 

120 

3003.85  II 

270 

2942.85 

II 

915  -  34886 

240 

3004. 15  II 

120 

2943.18 

II 

220 

3005. 10  II 

120 

2943.40 

II 

190 

■^005  52  IT 

830 

2943^90 

II 

360 

3007.91  II 

5667  -  38903 

170 

2944.19 

II 

290 

3009.42  II 

220 

2945.89 

II 

1749  -  35685 

120 

3010.37  II 

270 

2947.43 

II 

170 

3010.75  II 

340 

2948.09 

II 

289  -  34199 

120 

3011.48  I 

95 

2948.44 

II 

95 

3012^45  II 

289  -  33475 

290 

2948.94 

II 

170 

3012.71  II 

220 

2949.61 

II 

240 

3013.37  II 

4420  -  37596 

95 

2949.97 

I 

170 

3013.44  II 

120 

2951.93 

I 

620  -  34486 

120 

3014  88  II 

220 

29,S4!39 

11 

2295  -  36133 

120 

3015.68  II 

390 

2954.77 

II 

95 

3016.05  II 

240 

2955.65 

II 

289  -  34112 

290 

3016.96  II 

1749  -  34885 

580 

2956.06 

II 

170 

3017.35  II 

170 

2956.78 

II 

150 

3018  10  II 

170  d 

2957^74 

II 

120 

3018.59  II 

120 

2958.10 

II 

120 

3020.24  II 

240 

29.59.85 

II 

120 

3020.57  II 

240  d 

2962.78 

II 

1749  -  35491 

120 

3020.92  II 

94.(1 

[I 

320 

3091  99  IT 

460 

2965.03 

II 

630 

3022.21  II 

1749  -  34827 

170 

2966.12 

II 

170 

3024.38  II 

240 

2966.66 

II 

914  -  34612 

320 

3024.51  II 

580 

2967.94 

II 

289  -  33972 

190 

3026. 15  II 

170 

II 

Q14  -  ■14S93 

120 

3026  43  II 

120 

2970.48 

II 

190 

3026.70  II 

580 

2971.06 

II 

240 

3027.66  I 

620  -  33640 

240 

2973.08 

II 

320 

3028.19  II 

290 

2973.26 

II 

220 

3029.13  II 

240 

2975.22 

II 

120 

3029.42  II 

170 

2975^64 

II 

120 

3030^83  II 

290 

2975.88 

II 

630 

3031.99  II 

410 

2976.35 

II 

289  -  33877 

490 

3033. 19  II 

1749  -  34708 

290 

2977.27 

II 

220 

3035.51  II 

9Q7fi  Id 

H 
1 1 

3035  96  TI 

1749  -  34678 

120 

2980.28 

II 

190 

3036.45  II 

120 

2980.69 

II 

120 

3036.61  II 

120 

2981.04 

II 

190 

3038.05  II 

0  -  32906 

320 

2982.74 

II 

190 

3039.14  II 

4663  -  37558 

344 


Uranium  —  all  observed  Zine5— Continued 


Intensity 

Wavelength 
in  A 

Energy  levels 
in  cm"' 

Intensity 
snd 

\~*  iiai  aV^I-^l 

Wavelength 
in  A 

^JJCCll  UIll 

Energy  levels 
in  cm"' 

Z4U 

ouov.zo 

TT 
11 

ozoy  ooioz 

•^1  1  1  A9 
oil  l.OZ 

TT 
11 

1 7AQ  ^^Q77 

95 

3039.93 

II 

240 

3112.25 

II 

289  -  32410 

120 

3040.46 

II 

914  -  33794 

170  d 

3114.54 

I 

0  -  32098 

120 

3041.25 

II 

3114.59 

II 

2294  -  34392 

95 

3041.86 

II 

150 

3115.93 

II 

yo 

IT 
IX 

Ql  1  0  OA 

IT 
11 

95 

3042.73 

II 

530 

3119.35 

II 

5260  -  37308 

190 

3043.79 

II 

1749  -  34593 

150 

3120.87 

II 

490 

3044.16 

II 

120 

3121.09 

II 

95 

3045.46 

II 

150 

3121.33 

II 

0  -  32028 

1  CtCi 

0U4-0.4-0 

II 
11 

OftQ   _  'X'l^C\A 
ZOV         00  1U4' 

1  on 

IT 
11 

190 

3046.57 

II 

680 

3124.90 

II 

914  -  32906 

190 

3046.84 

II 

150 

3126.17 

II 

240 

3047.57 

II 

170 

3126.70 

II 

4663  -  36637 

290 

3048.64 

I 

620  -  33412 

190 

3129.73 

II 

5526  -  37469 

11 

Ol  5A  79 

IT 
11 

580 

3050.20 

II 

0  -  32775 

190 

3131.99 

II 

240 

3051.14 

II 

95 

3133.42 

II 

2295  -  34199 

240 

3052.91 

II 

95 

3133.63 

II 

120 

3054.73 

II 

150 

3133.92 

II 

240 

OAC  C  CA 

3055.59 

II 

IdU 

Q  1  OA 

IT 
11 

AOOO  0O1CO 

o2oo  —  cSoloz 

190 

3056.72 

II 

120 

3138.51 

II 

630 

3057.91 

II 

120 

3138.83 

II 

120 

3060.06 

II 

530 

3139.60 

II 

5716  -  37558 

460 

3061.62 

II 

1749  -  34402 

150 

3141.95 

II 

2294  -  34112 

oaO 

oUo2.o4 

TI 
11 

/I  1  A 

IT 
11 

95 

3063.88 

II 

2295  -  34924 

490 

3145.56 

II 

5527  -  37308 

95 

3064.18 

II 

5526  -  38152 

190 

3146.26 

II 

120 

3066.87 

II 

150 

3146.75 

II 

270 

3068.65 

II 

270 

3147.09 

I 

620  -  32386 

95 

OATO  0/1 

o0/2.o4 

TT 
11 

loU 

Q  1  4  Q  r/: 

ol4o.o0 

II 
11 

n       0 1 7C1 

85 

3072.45 

II 

680 

3149.21 

II 

580 

3072.78 

II 

95 

3150.36 

II 

190 

3073.50 

II 

150  h 

3151.08 

II 

1749  -  33475 

270 

3075.04 

II 

150 

3152.31 

II 

1  OA 

0 AT C  AC 

TT 
11 

OCIA  yllAl"? 

oolU  -  4101/ 

0 1  CO  19 

olOo.  IZ 

TT 
11 

120 

3077.33 

II 

95 

3155.26 

II 

270 

3079.95 

II 

150 

3155.41 

II 

4663  -  36346 

290 

3080.74 

II 

2294  -  34745 

270 

3155.86 

II 

2294  -  33972 

170 

3081.19 

II 

190 

3156.07 

II 

0'7A 

270 

0 A o o  no 

iOoz.Oz 

IT 
11 

loU 

0  1  c  7  /I  c 

TT 
11 

190 

3083.61 

II 

190 

3157.86 

II 

120 

3084.24 

II 

2295  -  34708 

150 

3159.82 

II 

190  d 

3086.73 

II 

190 

3160.77 

II 

120 

3087.11 

II 

2294  -  34678 

95 

3163.73 

II 

240 

3088.99 

II 

1749  -  34112 

AC 

95 

0  1    c  00 

3165.28 

IT 
11 

190 

^090  '^6 

II 

220 

3165.50 

II 

2294  -  33876 

95 

3090.55 

II 

220 

3167.10 

II 

120 

3091.25 

II 

150 

3170.86 

II 

580 

3093.01 

II 

150 

3171.37 

II 

5260  -  36782 

120 

3094.83 

I  f 
11 

9o 

0170  71 

IT 
11 

290 

II 

1749  -  34049 

150 

3175.36 

11 

190 

3095.23 

II 

2295  -  34593 

340 

3176.21 

II 
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I 

1 

lou 

11 

1  on 

3673.39 

IT 
11 

150 

3600.29 

I 

620 

— 

28387 

190  d 

3674.13 

I 

620 

— 

27829 

75 

3601.19 

I 

Olio 

olio 

0  coin 

190  d 

3674.99 

II 

I 

3675.08 

II 

DZDV 

uZ4'OZ 

150 

3602  48 

3801 

_ 

31552 

150 

3603.36 

I 

0 

_ 

27744 

260 

3676.56 

II 

6283 

_ 

33475 

120 

3603.74 

I 

4276 

- 

32017 

260 

3677.39 

I 

3801 

- 

30986 

460 

3605.28 

I 

0 

- 

27729 

190 

3677.67 

II 

120 

3605.48 

II 

1749 

29477 

380 

3678.75 

II 

ouv 

II 

4663 

32384 

240 

3679  38 

I 

620 

_ 

27791 

150 

3608.96 

II 

280 

3679.81 

II 

240 

3609.68 

II 

240 

3680.88 

I 

4275 

- 

31435 

150 

3610.49 

II 

6283 

- 

33972 

230 

3682.04 

II 

5259 

- 

32410 

150 

3610.69 

I 

4453 

32141 

140 

3682.46 

I 

0 

07  1  /I  O 

27148 

75 

3611.24 

II 

2294 

29978 

180 

3683.59 

II 

75 

361 L40 

I 

0 

27682 

180 

3684.62 

I 

13567 

_ 

40700 

190 

3612.67 

II 

915 

28587 

150 

3685.78 

I 

620 

_ 

27744 

150 

3615.54 

I 

Q 

27650 

540 

3691.92 

II 

4706 

31784 

320 

3616.33 

I 

3801 

31445 

330 

3693.70 

II 

7=^4.7 

OK}  iU .  1  U 

II 

289 

- 

27930 

190 

3697.13 

I 

3800 

- 

30841 

7'i 
1  o 

QfilA  QQ 
OU  1 U .  O  7 

1 

220 

3697.93 

11 

8755 

- 

35790 

75 

3617.49 

I 

7103 

34739 

O  I  VU,  JO 

11 

915 

- 

27930 

75 

3617.62 

1 

3800 

31435 

I  lUU 

OIVl.OZ. 

TT 
11 

5527 

32535 

150 

3618.49 

II 

z30 

T 
1 

4276 

31276 

75 

3619.13 

II 

07AQ  07 

T 
1 

620 

27616 

0 

27616 

230 

'xic\A.  no 

T 
1 

7326 

34315 

320 

3620.08 

I 

180 

3705.04 

II 

75 

3622.04 

I 

0 

27600 

110 

3705.98 

II 

320 

3622.70 

I 

4275 

31871 

230  d 

3707.29 

I 

3800 

30767 

390 

3623.06 

II 

915 

28508 

3707.39 

I 

348 


Uranium  —  all  observed  /mes  — Continued 


Intensity 

cind 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

1  iU 

TT 

11 

■^787  9^^ 

II 

5259 

31656 

110 

3707.95 

I 

3868  - 

30829 

190 

3788.16 

5991 

32381 

110 

3709.87 

I 

5762  - 

32709 

120 

3790.22 

II 

5790 

- 

32166 

350  d 

3713.56 

I 

0  - 

26921 

120 

3790.33 

II 

914 

- 

27290 

3713.65 

II 

5259  - 

32179 

120 

3792.41 

I 

4275 

30636 

570 

3793. 10 

J. 

4585 

_ 

30942 

230 

3714.76 

II 

2295  - 

29207 

380 

3793.28 

I 

6249 

32604 

230 

3715.47 

I 

4275  - 

31182 

380 

3793.57 

II 

914 

- 

27267 

110 

3716.14 

I 

3800  - 

30702 

220 

3795.13 

II 

2294 

- 

28636 

300 

3717.42 

II 

240 

3796.20 

I 

3868 

30203 

3718.11 

II 

1749  - 

28636 

,T 

4663 

30996 

160 

3718^61 

II 

5526  - 

32410 

240 

3796.84 

11 

6445 

32775 

110 

3719.29 

I 

620  - 

27499 

190 

3797.77 

I 

11308 

- 

37631 

230  h 

3720.39 

I 

3800  - 

30672 

240 

3798.84 

I 

11308 

- 

37624 

230 

3722.68 

I 

7191  - 

34046 

240 

3799.20 

II 

8394 

34708 

Tin 

^794  ")% 

T 

1 

940 

^7QQ  S'^ 

TT 

350  d 

3724.99 

II 

1749  - 

28587 

240 

3801.15 

I 

620 

26921 

3725.07 

II 

240 

3802.27 

II 

2294 

- 

28587 

120 

3725.65 

II 

120 

3803.35 

II 

0 

- 

26285 

350 

3729.82 

II 

5526  - 

32330 

380 

3808.93 

I 

6249 

32496 

1  on 

IZU 

II 
11 

oo\) 

„ 

5716 

31961 

95 

3731.45 

I 

0  - 

26792 

95 

3810.10 

I 

3868 

30107 

230  d 

3731.58 

II 

1900 

3812.00 

I 

0 

_ 

26226 

3731.77 

I 

7645  - 

34434 

120 

3812.58 

I 

230 

3732.26 

I 

3801  - 

30587 

380 

3813.79 

II 

2295 

28508 

'ii'i')  f,') 

o  t OZ .oz 

IT 
1 1 

914  - 

27697 

OQiA  07 

J, 

915 

27126 

350 

3733.07 

II 

120 

3816.61 

II 

230 

3733.58 

I 

6249  - 

33025 

120 

3817.16 

II 

2294 

— 

28484 

230 

3737.25 

II 

160 

3818.06 

I 

5762 

- 

31945 

600 

3738.05 

II 

5791  - 

32535 

120 

3818.48 

II 

1749 

27930 

1  on 

O ( ^Z.oo 

T 
1 

7005  - 

33719 

1 9n 

iZU 

Q010  -Jf. 

J, 

300 

3744.24 

II 

120 

3819.25 

I 

4276 

30451 

680 

3746.41 

II 

5527  - 

32211 

120 

3821.22 

II 

350 

3747.12 

II 

8521  - 

35201 

240 

3821.95 

I 

3801 

- 

29958 

950 

3748.68 

II 

5716  - 

32384 

120 

3822.35 

I 

10347 

— 

36501 

'>.i'\'\  ifi 

I 
1 

5762  - 

32412 

1  90 

QQOO  CA 

JJ 

4706 

30859 

240 

3751.72 

I 

620  - 

27267 

750 

3826.51 

II 

289 

26415 

350 

3752.66 

II 

5526  - 

32166 

240 

3829.03 

II 

915 

— 

27023 

190 

3754.31 

II 

0  - 

26628 

190 

3829.39 

II 

4585 

- 

30691 

350 

3755.48 

II 

5790  - 

32410 

120 

3829.79 

I 

0 

— 

26104 

O  i  00. OO 

II 
11 

900  1  Af, 
0001.4-0 

„ 

tuuo 

OVJ  i  ou 

240 

3756.92 

II 

1  'lift 

240 

3831.86 

I 

1  o 

•JKJOXJD 

490 

3758.36 

I 

4276  - 

30876 

200 

3833.02 

II 

350 

3759.23 

II 

240 

3835.14 

II 

120 

37,59.88 

II 

120 

3835.22 

I 

0 

- 

26066 

o  /OU.OO 

If 
11 

n  — 

ZDOO I 

onn  u 
ZUU  n 

oooou 

160 

3761.96 

II 

120 

3837.26 

J 

160 

3762.11 

II 

1749  - 

28322 

200 

3838.15 

II 

2294 

28341 

330 

3763.27 

I 

7006  - 

33571 

1200 

3839.62 

I 

3801 

- 

29838 

490 

3764.57 

II 

120 

3842.99 

II 

z  /u 

I 
1 

n  — 
u 

ZOOOU 

1  on 

in  A  A  (\(\ 
oo4''f.UU 

JJ 

430 

3766.89 

I 

120 

3844.23 

JJ 

240 

3768.80 

II 

5790  - 

32316 

120  h 

3845.12 

II 

5526 

_ 

31526 

330 

3769.54 

II 

380 

3845.32 

II 

190 

3772.82 

II 

8347  - 

34845 

120 

3846.24 

I 

7005 

- 

32997 

077'3  AA 

I 
i 

DZ4V 

oZ  i  4Z 

OO^O.  oo 

J 

1Qf\  1 
ooUl 

0O7Q 1 
Zy  ly  1 

240 

3775.99 

II 

200 

3847.84 

J 

7no  1 

/  UZ  1 

OOUUZ 

300 

3776.48 

I 

4275  - 

30747 

490  d 

3848.62 

II 

5259 

31235 

120 

3779.05 

II 

3848.72 

II 

380 

3780.72 

II 

915  - 

27357 

120 

3849.71 

II 

8522 

34490 

1  on 

Q7Q1  7C 

I 
1 

7645  - 

34080 

onn 

ZUU 

IRAQ  Qc: 

JJ 

0 

25968 

1900 

3782.84 

II 

289  - 

26717 

120 

3851.72 

J 

7021 

32976 

430 

3783^84 

II 

5791  - 

32211 

620 

3854.22 

0 

25938 

120 

3786.57 

II 

8521  - 

34923 

2400 

3854.66 

4663 

30599 

240 

3786.84 

I 

6249  - 

32648 

4900 

3859.58 

289 

26191 

349 


Uranium  — all  observed  /jnes  —  Continued 


and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

490 

3861.16 

I 

2000 

3932.03 

II 

289 

— 

25714 

120 

3863.09 

I 

3868 

29747 

120 

3933.03 

II 

5259 

30678 

240 

0004. aU 

11 

4585 

30455 

490 

3935.38 

TT 
11 

2294 

27697 

240 

3864.48 

II 

4663 

30533 

330 

3940.49 

II 

7  i** 

1900 

3865.92 

II 

2295 

— 

28154 

190 

3942.55 

II 

8755 

_ 

34112 

380 

3866.80 

II 

240 

3942.84 

I 

5762 

31117 

240 

3867.17 

I 

7021 

32872 

1200 

3943.82 

I 

0 

25349 

1  OA 

120 

Q  O^O    /I  O 

TT 
11 

4421 

30264 

O/l  A 

z4U 

OA/1  A  10 

0944. lo 

TT 
11 

4585 

29932 

240 

3870.02 

II 

OUU  1 

o  i^yy 

300 

3948.45 

I 

Q 

zoo  1  7 

1500 

3871.04 

I 

0 

_ 

25826 

95 

3951.48 

I 

4453 

_ 

29753 

95 

3871.88 

II 

8347 

34167 

95 

3951.55 

II 

620 

3874.04 

II 

289 

26094 

300 

3953.58 

II 

2294 

27581 

00  lb. 16 

1 

0 

25792 

540 

3954.62 

TT 
11 

5716 

30996 

120 

3876.59 

II 

R755 
O  1  oo 

O'TOt'T 

3954.67 

II 

004-  i 

OOUZ  1 

620 

3878.09 

II 

240 

3955.38 

I 

7103 

32378 

240 

3879.5;^ 

I 

4453 

— 

30222 

120 

3959.20 

I 

7005 

— 

32255 

240 

3879. 7i 

I 

7021 

— 

32788 

190 

3962.79 

II 

4706 

— 

29934 

1  (\C\t\ 

luuu 

oool .40 

TT 
11 

4585 

— 

30342 

OCA 

OOU 

3964. 22 

T 
1 

6249 

— 

31467 

490 

3882.0.'^ 

II 

1749 

— 

27499 

240 

3964.67 

II 

7166 

- 

32382 

240 

3883  1- 

II 

160 

3964.96 

II 

0 

_ 

25213 

380 

3883.33 

II 

240 

3966.40 

II 

2295 

- 

27499 

240 

3884.68 

II 

8755 

— 

34490 

600 

3966.52 

11 

289 

— 

25492 

180 

3887.45 

I 

7021 

32737 

120 

3967.47 

I 

620 

— 

25818 

180 

3887.70 

II 

120 

3969.02 

II 

2200 

3890.36 

II 

289 

25986 

120  d 

3974.90 

I 

7645 

32796 

11 

3974.98 

II 

120 

3891.68 

8510 

- 

34199 

240 

3891.80 

1 

7021 

— 

32708 

190 

3978.80 

II 

240 

3892.41 

f  I 
11 

8755 

34439 

120  h 

3980.80 

T 
1 

5762 

30876 

620 

3892.68 

11 

ozou 

230 

3983.91 

11 

490 

3894.12 

I 

0 

25672 

95 

3984. 18 

I 

200 

3895.27 

II 

4421 

- 

30086 

1200 

3985.80 

II 

5260 

- 

30342 

490 

3896.78 

II 

4585 

- 

30240 

80 

3988.64 

II 

240 

3897.06 

11 

6283 

— 

31936 

190 

0988.89 

TT 
11 

2295 

— 

27357 

190 

3897.26 

I 

460 

3990.42 

II 

via 

zoyoo 

120 

3897.71 

II 

5667 

31316 

380 

3992.54 

n 

5716 

30756 

190 

3899.10 

II 

4421 

- 

30061 

120 

3994.29 

II 

289 

- 

25317 

240 

3899.27 

I 

4275 

- 

29914 

230 

3994.98 

II 

240 

3899.48 

I  f 

II 

4663 

— 

30301 

190 

3995.97 

T  T 
11 

620 

3899.78 

II 

900 

07QQA 

120 

3997.09 

I 

ooVk) 

Z.001 1 

410 

3909  56 

II 

289 

25906 

350 

3998.24 

II 

460 

3904.30 

II 

8347 

- 

33953 

120 

3999.18 

I 

3801 

- 

28799 

240 

3904.56 

II 

5260 

- 

30863 

120  d 

4001.28 

I 

7021 

- 

32005 

120 

3904.85 

1  T 
11 

1749 

- 

27351 

1  OA 

IzO 

/lAAO  0/1 

4UUz.o4 

IT 
U 

4706 

- 

29684 

380 

3906  46 

I 

3868 

29459 

120 

4003.20 

II 

OOA/1 

070ii  7 
Z/ZO/ 

120 

3908  32 

I 

4453 

30032 

350 

4004.06 

II 

1749 

26717 

120 

3908.47 

II 

8394 

- 

33972 

430 

4005.21 

I 

620 

- 

25580 

120 

3909.06 

II 

5790 

- 

31364 

190 

4005.70 

I 

620 

- 

25577 

240 

3910.89 

I 

7021 

- 

32583 

120 

4009. 17 

II 

6283 

- 

31219 

330 

391 1.67 

II 

4420 

29978 

110 

4011.45 

II 

C  /I  A  1 

5401 

0  AO  O  0 

30323 

190 

3914.20 

II 

80 

4014. 16 

II 

8755 

33660 

190 

3914.27 

II 

570 

4017.72 

II 

5716 

- 

30599 

380 

3915.88 

II 

300 

4018.99 

II 

289 

- 

25164 

120 

3916.53 

I 

7021 

- 

32546 

80 

4026.02 

II 

2295 

— 

27126 

07  1  1 

I 
1 

81 19 

33640 

160 

403 1.31 

II 

A  1  /I 

914 

O  C  7  1  0 

25713 

1  90 

1 7  ft9 

II 

160 

4033.43 

II 

4421 

29207 

80 

3918.06 

II 

4421 

- 

29936 

190 

4033.73 

II 

7598 

- 

32382 

190 

3921.55 

II 

0 

- 

25492 

220 

4034.50 

I 

4453 

- 

29233 

120 

3923.05 

II 

8394 

- 

33877 

70 

4039.75 

T 
1 

7645 

- 

32392 

1  on 

QQ9J  07 

ri 

4585 

30061 

150 

4039  80 

I 

■JQ9/;  99 

1 

0 

25463 

1000 

4042.76 

I 

620 

25349 

330 

3926.73 

I 

7021 

32480 

520 

4044.42 

II 

5259 

29978 

240 

3927.76 

II 

6283 

31736 

410 

4047.62 

I 

620 

25319 

120 

3928.83 

I 

0 

25445 

1600 

4050.04 

II 

0 

24684 

160 

3930.43 

11 

540 

4051.91 

II 

5260 

29932 

430 

3930.98 

II 

289 

25720 

180 

4053.03 

II 

1749 

26415 

350 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength  ^ 

2  oDCctrum 
in  A 

Energy  levels 
in  cm"' 

300 

4054.31 

II 

6283  - 

30942 

180 

4197.52  II 

8394  - 

32211 

430 

4058.19 

II 

289  - 

24923 

140 

4198.22  I 

620  - 

24433 

80 

4060.10 

II 

55 

4200. 10  11 

6283  - 

30086 

80 

4061.35 

I 

620  - 

25235 

95 

4201.13  I 

7645  - 

31442 

110 

4061.74 

II 

7598  - 

32211 

180 

4204.37  II 

0  - 

23778 

880 

4062.55 

II 

0  - 

24608 

80 

4210.45  II 

1749  - 

25492 

110 

4064.16 

I 

5991  - 

30589 

240 

4211.66  II 

4585  - 

28322 

110 

4066.80 

II 

8521  - 

33104 

140 

4212.26  II 

4421  - 

28154 

520 

4067.76 

II 

6283  - 

30860 

140 

4213.87  I 

11308  - 

35032 

410 

4071.11 

II 

80 

4214.28  I 

7645  - 

31367 

300 

4074.49 

II 

1749  - 

26285 

80 

4214.42  II 

289  - 

24010 

330 

4076.69 

II 

914  - 

25437 

70 

4219.97  I 

4275  - 

27965 

220 

4077.79 

I 

7021  - 

31537 

350 

4222.36  I 

3801  - 

27478 

330 

4080.61 

II 

70 

4227.33  II 

6283  - 

29932 

190  h 

4084.93 

II 

5791  - 

30264 

80 

4228.76  II 

4706  - 

28347 

270 

4088.25 

II 

0  - 

24453 

220 

4231.67  I 

7646  - 

31270 

2200 

4090.14 

II 

1749  - 

26191 

70 

4232.04  II 

289  - 

23912 

220 

4091.52 

II 

160 

4236.04  I 

620  - 

24220 

110 

4091.64 

I 

0  - 

24433 

55 

4240.59  II 

80 

4094.62 

II 

11544  - 

35960 

1000 

4241.67  II 

4585  - 

28154 

80 

4094.89 

II 

8276  - 

32690 

520 

4244.37  II 

0  - 

23554 

220 

4095.75 

II 

6283  - 

30691 

260 

4246.26  I 

0  - 

23544 

220 

4096.35 

I 

7021  - 

31426 

160 

4252.43  II 

4420  - 

27930 

460 

4098.03 

II 

289  - 

24684 

55 

4266.32  I 

0  - 

23433 

200 

4101.91 

I 

8118  - 

32490 

140 

4267.30  II 

915  - 

24342 

190 

4103.12 

I 

7326  — 

31690 

55 

4267.94  I 

6249  - 

29672 

380 

4106.28 

I 

80 

4268.85  II 

2294  - 

25713 

200 

4106.93 

II 

0  - 

24342 

160 

4269.61  II 

1749  - 

25164 

70 

4108.36 

I 

0  - 

24334 

80 

4273.98  II 

915  - 

24306 

110 

4113.11 

II 

0  - 

24306 

80 

4276.47  II 

5259  - 

28636 

810 

4116.10 

II 

0  - 

24288 
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Vanadium 


V,  Z  =  23,  M  =  50.941,  Ratio      =  0.8016 

V  I  Normal  state  of  valence  electrons  Sd^^s^  *Fi  1/2  =  0.  I.P.  =  54361  cm"i. 

V  II  Normal  state  of  valence  electrons  Sd'^^Do  =  0.  LP.  =  118200  cm-i. 
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4284.06  I 

14910  - 

38246 

120 

4093.50 
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40 
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26605 
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17242  - 

40536 
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4102.16 
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17182  - 

40452 
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Vanadium  —  all  observed  lines  —  Continued 
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and 
Character 
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4297.68  I 

17117 

40379 
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2425 

24839 
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- 
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— 
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_ 
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75 
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- 
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4524.22  I 
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4380.55  I 
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40 
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40 

4529.30  I 
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_ 
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- 
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75 
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_ 
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_ 
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_ 
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_ 
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- 

37765 

75 

4403.67  I 
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ZD 
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2425 
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90 

4553.05  I 

19023 

40981 
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4407.64  I 

2311 

— 

24993 
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15724 

_ 

37644 
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- 

24899 

65 
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- 
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0 

21841 
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24771 
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45 
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_ 
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30 
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15724 

— 
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4416.47  I 
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- 

24789 
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- 
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— 
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50 
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— 
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90 

4423.21  I 
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30 
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4594.11  I 
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_ 
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45 

4424.56  I 
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- 

33695 
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— 

21841 

90 
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30 
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— 
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I 
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65 

4624.41  I 
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I 
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4429.80  I 
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_ 

24993 

50 

4626.48  I 

8413 

_ 

30022 

30 
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15270 

— 
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100 
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— 
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65 
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4437.84  I 
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24839 
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4646.40  I 

8579 
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_ 

24728 

30 
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_ 

40694 

90 

4443.34  I 
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— 
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41539 

35 

4686.92  I 
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36408 
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4452.01  I 
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55 

4706.16  I 

15572 

36815 

25 

4452.70  I 

14910 

37362 

80 

4706.57  I 

17242 

38483 
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4456.50  I 
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4710.56  I 

17182 

38405 
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4457.48  I 
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24648 

65 

4714.12  I 

17117 

38324 
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4457.76  I 

15104 

37530 

35 

4715.89  I 
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40225 
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4459.76  I 

2311 

24728 

55 

4717.69  I 

17055 

38246 

363 


Vanadium  — all  observed  /irees— Continued 
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40 

4721.51  I 
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- 
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- 
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40 
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- 
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4/01.50  1 

15572 

36612 

11 

5437.66  I 

19145 

37530 

^77'ift 

O  t  1  OO 

17 

5458.12  I 

lonoA 
1 7UZ0 

0 1 0^0 

65 

4757.48  I 

16361 

- 

37375 

13 

5471.33 

55 

4766.63  I 

16450 

- 

37423 

25 

5487.22  I 

14549 

- 

32768 

130 

4776.36  I 

16573 

- 

37503 

85 

5487.92  I 

19145 

- 

37362 

4/  10. dZ  I 

19189 

40119 

oc 

25 

r  A  OA  (\A  T 

5489.94  1 

14515 

32725 

111) 

4 ( OO . 3 1  1 

16729 

37615 

OO 

28 

5504.87  I 

1  ^Rn9 

looUZ 

oivoz 

130 
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- 
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14 
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- 
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23 
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- 
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130 

Aoon  AC  I 
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— 
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_ 
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4848.81  I 

21603 

- 

42221 

23 
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- 

32898 
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— 
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4871.26  I 

17242 

- 
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13 
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_ 
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55 
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70 
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— 
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- 
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- 

18302 

55 

4900.62  I 
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- 
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- 
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— 
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_ 
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_ 
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35 

4932.03  I 
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— 
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5668.36  I 
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_ 
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23 
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- 
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- 
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70 
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— 
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OA 

20 

CaOO    OO  ¥ 
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_ 
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_ 
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_ 
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5716.21  1 

1 10 
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70 
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25 
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19078 

_ 
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5727.03  I 
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_ 

26172 

70 

5148'72  I 

18198 

_ 

37615 

170 

5727.66  I 

8476 

_ 

25931 

40 

5159.35  I 

18126 

- 

37503 

230 

5731.25  I 

8579 

- 

26022 

23 

5169.94  I 

18086 

- 

37423 

40 

5734.01  I 
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— 
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70 

5176.77  I 

230 
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5737.06  1 
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20 

5192.01  I 
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_ 

37375 
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5743.45  I 
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_ 

26122 
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5192.99  I 
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_ 

37931 

17 

5747.70  I 

19145 

_ 
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23 

5193.62  I 

18174 

- 

37423 

40 

5748.87  I 

15270 

- 

32660 
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5194.83  I 
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- 
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17 
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- 
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55 
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17 
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0  C  7  A 
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20 
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40 
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_ 
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35 
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_ 
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- 
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11 
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- 
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11 

fTOI    TA  T 
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20 
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37758 
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39241 
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23 

5788.56  I 

15078 

32349 

17 

5260.98  I 

18438 

37441 
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40 

5353.41  I 
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37753 

23 

5817.06  I 
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32456 

35 
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Intensity 

and 
Character 

Wavelength  o 

■    !  "  spectrum 
in  A 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

55  h 

5830.72  I 
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- 
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11 
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J 
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_ 
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- 
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50 

6605.97 

I 

9637 

— 
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- 
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28 
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13 
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I 
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_ 
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55 
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- 
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8 
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I 
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- 
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28 
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— 
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8 
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J 
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- 
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00 

c 
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8579 

_ 

25131 

10 
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J 
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8413 

_ 

24915 

50 

c 
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I 
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_ 
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20 
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- 
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40 
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— 
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15 
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0  /  10 
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ZD 
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28 
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_ 
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9 

c 

6829.94 

J 

8716 

23353 

280 

6111.67  I 

8413 

_ 

24771 

15 

6832.44 

I 

8579 

23211 

600 

6119.52  I 

8579 

- 

24915 

12 

6839.58 

I 

19023 

- 

33640 

20 

6128.34  I 

8476 

- 

24789 

12 

6841.90 

I 

8476 

- 

23088 
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6135.38  I 
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8476 

24771 

10 

c 

6870.88 

I 
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33695 
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6150.15  I 

2425 

_ 

18680 

8 

6871.56 

J 

15572 

30121 

85 

6170.36  I 

2311 

_ 

18513 

7 

6894.00 

I 

19026 

33528 

23 

6189.35  I 

2220 

- 

18372 

12 

6974.50 

I 

19026 

- 

33360 

450 

6199.19  I 

2311 

- 

18438 

21 

7026.07 

I 

19078 

- 

33307 
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6213.87  I 

2425 

18513 

7 

7063.69 

I 

11101 

25254 
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6216.37  I 

2220 

18302 

11 

h 

7092.08 

J 
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6218.31  I 

23520 

_ 

39597 

6 

7102.58 

I 

17242 

31318 

130 

6224.50  I 

2311 

- 

18372 

24 

7148.15 

I 

430 

6230.74  1 

2153 

- 

18198 

7 

7151.36 

I 

20768 

- 

34747 

100 

6233.20  I 

2220 

18259 

7 

7182.08 

I 

18805 

32725 

55 

6240.13  I 

2153 

18174 

14 

7264.29 

J 

20768 

34530 

170 

6242.81  1 

2112 

18126 

8 
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6296.49  I 

2425 

- 

18302 

12 

h 

7578.75 

I 

24915 

- 

38106 

28  h 
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Vanadium  — all  observed  /irees— Continued 
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Ytterbium 


Yb,  Z  =  70,  M=  173.0,  Ratio— =  2.723 

Cu 

Yb  I  Normal  state  of  valence  electrons  6s2^So  =  0.  LP.  =  50441  cm"^ 
Yb  II  Normal  state  of  valence  electrons  65^81/2  =  0.  LP.  =  98150  cm"*. 
Yb  III  Normal  state  of  valence  electrons  4/i*  ^So  =  0.  LP.  =  201900  cm-i. 
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Ytterbium  —  all  observed  lines 
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Ytterbium  —  all  observed  /iraes— Continued 
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Yttrium 

Y,  Z  =  39,  M  =  88.9059,  Ratio      =  1.399 

Cu 

Y  I  Normal  state  of  valence  electrons  55^4^20 11/2  =  0.  I. P.  =  52000  cm-i. 

Y  II  Normal  state  of  valence  electrons  55^  'So  =  0.  LP.  =  99000  cm"'. 

Y  III  Normal  state  of  valence  electrons  4rf  2D11/2  =  0.  LP.  =  165000  cm"'. 
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OOAA    1  1 

2800. 1 1 

I  I 
11 

O  9  /I  yl  C 

cm  /I  "7 

80 

3521.53 

T 
1 

1  /lO/lO 

26 

2813.64 

I 

530 

_ 

36061 

45 

3546.01 

II 

390 

2817.01 

III 

7466 

- 

42955 

3900 

3549.01 

II 

1045 

- 

29214 

18 

2818.86 

I 

10529 

- 

45994 

130 

3551.80 

T 
1 

14949 

- 

43096 

45 

2822.56 

I 

10529 

45948 

540 

3552.69 

T 
1 

0 

OO  1  /I  A 

22 

2825.37 

II 

29214 

64597 

170 

3558.76 

T 
1 

1  C  0/1 

15246 

45 

2826.38 

II 

23776 

59147 

190 

3571.43 

I 

15712 

43704 

70 

2854.43 

II 

24647 

- 

59670 

260 

3576.05 

I 

16234 

- 

44190 

26 

2856.30 

II 

23776 

- 

58776 

3300 

3584.52 

TT 

11 

840 

- 

28730 

11 

2857.87 

300 

3587.75 

T 

1 

95 

2886.48 

I 

1 1360 

45994 

100 

3589.69 

T 

1 

15246 

A  0  AA^ 

43096 

18 

2897.69 

II 

24647 

59147 

2800 

3592.92 

I 

0 

_ 

27824 

14 

2898.82 

II 

23776 

- 

58262 

10000 

3600.73 

II 

1450 

- 

29214 

160 

2919.05 

I 

0 

- 

34248 

6200 

3601.92 

T  T 

11 

840 

- 

28595 

18  h 

2930.03 

II 

27532 

61650 

7800 

361 1.05 

T  T 
11 

1  A.1  C 

1045 

00*70  A 

28/30 

280  h 

2945.94 

III 

7466 

41401 

4300 

3620.94 

I 

530 

28140 

390 

2948.40 

I 

0 

33907 

1900 

3628.71 

II 

1045 

28595 

350 

2964.96 

I 

530 

- 

34248 

7800 

3633.12 

II 

0 

- 

27517 

18 

2973.91 

II 

24647 

- 

58262 

3000 

3664.61 

TT 
11 

1450 

- 

28730 

480 

2974.59 

I 

0 

33608 

45 

3668.49 

T  T 
11 

28394 

55645 

30 

2980.55 

II 

28394 

61934 

170 

3692.53 

I 

17116 

44190 

750 

2984.26 

I 

530 

34030 

13000 

3710.30 

II 

1450 

28394 

70 

2995.26 

I 

530 

— 

33907 

60 

3718.12 

I 

16817 

- 

43704 

140 

2996.94 

I 

0 

- 

33358 

60 

3738.61 

I 

16597 

- 

43338 

70 

3005.26 

I 

0 

33265 

1200 

3747.55 

II 

840 

27517 

55 

3018.95 

I 

10529 

43644 

50 

3749.89 

T 
1 

16436 

43096 

130 

3021.73 

I 

530 

33614 

10000 

3774.33 

II 

1045 

27532 

90 

3022.28 

I 

530 

- 

33608 

1400 

3776.56 

II 

1045 

- 

27517 

26 

3026.49 

II 

26147 

- 

59179 

50 

3782.30 

II 

29214 

- 

55645 

30 

3036.59 

11 

28730 

61650 

7400 

3788.70 

II 

840 

27227 

45 

3044.84 

I 

1300 

3818.35 

TT 

II 

1045 

mil 

190 

3045.37 

I 

530 

33358 

4000 

3832.88 

II 

1450 

27532 

22 

3047.11 

I 

70 

3847.87 

II 

60 

3055.22 

II 

29214 

61934 

80 

3876.82 

60 

3086.85 

II 

26147 

58533 

480 

3878.28 

II 

1450 

11111 

55  h 

3091.70 

I 

30 

3887.77 

I 

11360 

37074 

22 

3093.76 

II 

32284 

64597 

60  h 

3904.59 

I 

95 

3095.88 

II 

1045 

33337 

50  h 

3918.25 

I 

10937 

36452 

45 

3111.81 

I 

10529 

42656 

60  h 

3930. 1 1 

I 

55 

3112.04 

II 

0 

32124 

240 

3930.66 

II 

3296 

28730 

22 

3114.28 

I 

4400 

3950.36 

II 

840 

26147 

373 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

150 

3951.60 

II 

3296 

- 

28595 

40  h 

4522.05 

I 

16436 

- 

38544 

60  h 

3955.09 

890 

4527.25 

11532 

— 

33614 

3600 

3982.60 

II 

1U4d 

26147 

440 

4527  80 

} 

11278 

33358 

40 

3987.50 

11360 

36431 

100 

4544.32 

J 

15477 

37476 

940 

4039.83 

J 

0 

24747 

100 

4559.37 

J 

15222 

37148 

2400 

4047.64 

I 

0 

- 

24699 

30 

4564.39 

I 

9400 

4077.38 

} 

0 

- 

24519 

60  h 

4573.56 

16817 

— 

38675 

90  h 

4081.22 

18499 

4Z99o 

35 

4581.32 

15327 

37148 

2000 

4083.71 

J 

0 

24481 

30 

4581.77 

T 

15329 

37148 

9900 

4102.38 

J 

530 

_ 

24900 

130 

4596.55 

J 

17116 

38866 

60  h 

4106.39 

I 

18512 

- 

42858 

95 

4604.80 

I 

15329 

- 

37040 

on 
80 

,1  1  1  A  O  1 

41 10.81 

15246 

— 

39565 

40 

4613.00 

} 

15477 

— 

37148 

320 

4124.92 

II 

oZ90 

I  looZ 

2000 

4643.70 

0 

21529 

8900 

4128.31 

530 

24747 

200  h 

4658.32 

J 

16159 

37620 

7500 

4142.85 

J 

0 

24131 

70 

4658.89 

J 

100  h 

4157.63 

I 

15712 

- 

39758 

85 

4667.47 

I 

15994 

- 

37413 

2400 

4167.52 

} 

530 

- 

24519 

60 

4670.82 

2000 

4174.14 

530 

24481 

2000 

4674.84 

530 

21915 

8000 

4177.54 

11 

3296 

27227 

60 

4678  35 

t 

19148 

40517 

120 

4199.28 

II 

840 

24647 

260 

4682  32 

II 

3296 

24647 

380 

4204.70 

II 

0 

- 

23776 

85 

4689.77 

I 

16159 

- 

37476 

80 

4213.02 

16234 

- 

39964 

180 

4696.81 

15994 

- 

37279 

40 

4213.54 

14949 

38675 

35 

4708  85 

15222 

36452 

160 

4217.80 

J 

10529 

34231 

60 

4725.85 

J 

15994 

37148 

280  h 

4220.63 

J 

14949 

38636 

170 

4728.53 

J 

10529 

31672 

80 

4224.25 

I 

60  h 

4732.37 

I 

15327 

- 

36452 

600 

4235.73 

II 

1045 

- 

24647 

85 

4741.40 

{ 

16159 

- 

37244 

2200 

4235.94 

530 

24131 

160 

4752.79 

15327 

36361 

300 

4251.20 

I 

15246 

38762 

410 

4760.98 

J 

530 

21529 

360  h 

4302  30 

S\j\J  ^  •  \J\J 

15712 

38949 

17 

4780.18 

J 

15222 

36136 

2800 

4309.63 

II 

1450 

- 

24647 

120 

4781.04 

I 

11278 

- 

32188 

50 

4316.30 

11360 

- 

34521 

160 

4786.58 

11 

8328 

- 

29214 

110 

4^30  78 

10529 

33613 

170 

4786.89 

15477 

36361 

o\j 

4337.29 

15712 

38762 

180 

4799.30 

I 

1 1079 

31909 

4344.65 

< 

1  utou 

50 

4804.31 

I 

15327 

36136 

440  h 

4348.79 

I 

16234 

- 

39223 

70 

4804.81 

15329 

- 

36136 

60 

4352.33 

{ 

11278 

- 

34248 

85  bl 

4817.38 

YO 

60 

4352.70 

16597 

39565 

140  bl 

4818  20 

YO 

(  .  (  v> 

16817 

39758 

140 

4819.64 

10937 

31680 

noo 

d'^'^R  7^ 

rOOO.  1  O 

II 

23776 

120 

4822. 13 

15329 

36061 

120 

4366.03 

I 

11360 

- 

34257 

190 

4823.31 

II 

8003 

- 

28730 

12000 

4374.94 

II 

3296 

- 

26147 

60 

4839. 15 

{ 

15477 

- 

36136 

150  h 

4375.61 

17116 

39964 

770 

4839.87 

11532 

32188 

OKI 

4379.33 

1  1  U  i  7 

007U 1 

550 

4845  68 

1 1278 

31909 

4,QQi;  4.0 

'*oo  J .  to 

1  1  ouu 

410 

4852  69 

1 1079 

31680 

100 

4387.74 

I 

120 

4854.25 

I 

15222 

- 

35817 

30 

4394-01 

11278 

- 

34030 

890 

4854.87 

II 

8003 

- 

28595 

16817 

39565 

50 

4856  70 

15477 

36061 

1  fton 

1  HAt^ 
1 U4D 

9'?77A 

330 

4859.84 

■^1  '^Oft 
<J  1  o\jo 

oy\j 

11 

1 1 

04w 

Z044-0 

50 

4879.65 

15329 

35817 

80 

4437.34 

I 

11079 

- 

33608 

1900 

4883.69 

II 

8743 

- 

29214 

100 

4443.66 

11532 

- 

34030 

50 

4886.28 

16159 

- 

36618 

loy) 

/I  1,1  A  AO 

11360 

33842 

40 

4886  65 

15994 

36452 

A.X(\^  97 
4-4-OD.Z  1 

Q5 

4893.44 

. 

1  1  070 

0  loUo 

j.j.7q  on 
'+4- 1  a-o? 

j 

1 100 

4900. 12 

11 

ft'<9ft 
oozo 

170 

4475.72 

I 

11278 

- 

33614 

100 

4906.11 

I 

11532 

- 

31909 

180 

4476.96 

j 

11278 

- 

33608 

45 

4909.00 

16066 

- 

36431 

iOU 

A  All  A.^ 
'^4-  /  1  .4-.) 

! 

10937 

33265 

150 

4921.87 

11360 

31672 

i  lU 

11079 

33358 

00 

49'^0  9^ 

16146 

36420 

j 

10937 

33215 

40^0  66 

1 

30 

4491.75 

I 

11532 

33789 

120 

4974.30 

I 

18499 

38597 

25 

4492.42 

11360 

33613 

120 

4982. 13 

II 

8328 

28394 

500 

4505.95 

11079 

33265 

100 

5006.97 

18512 

38479 

50 

4513.58 

15327 

37476 

75 

5070.21 

19148 

38866 

80 

4514.01 

15329 

37476 

75 

5072.19 

374 
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Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

r*  11 

Lnergy  levels 
in  cm 

1100 

5087.42 

II 

8743 

28394 

21 

5832.27 

I 

17116  -  34257 

30 

5088.18 

I 

19028 

- 

38675 

9  b 

5838.07 

YO 

210 

5119.11 

II 

8003 

- 

27532 

15 

5858.83 

YO 

450 

5123.21 

II 

8003 

27517 

15 

5871.83 

1 

16817  -  33842 

180 

5135.20 

18499 

37967 

24 

5876. 14 

YO 

120 

5196.43 

II 

14098 

_ 

33337 

24 

5879.96 

I 

16146  -  33148 

960 

5200.41 

II 

8003 

- 

27227 

24  b 

5893.94 

YO 

1500 

5205.72 

II 

8328 

- 

27532 

35 

5902.96 

I 

16817  -  33753 

180 

5240.81 

18512 

37588 

24  b 

5912.19 

YO 

60 

5289.82 

II 

8328 

27227 

24  b 

5931.10 

YO 

45 

5320.78 

II 

8743 

27532 

90  bl 

5939.08 

YO 

75 

5380.62 

I 

15327 

- 

33907 

45 

5945.72 

I 

16597  -  33412 

220 

5402.78 

II 

14833 

- 

33337 

24 

5950.02 

I 

16436  -  33238 

24 

5417.03 

16066 

34521 

75  b 

5956.41 

YO 

90 

5424.37 

15477 

33907 

1300  bl 

5972.04 

YO 

190 

5438.24 

I 

15864 

34248 

50 

5981.86 

I 

16436  -  33148 

710 

5466.46 

I 

11532 

- 

29820 

1000  bl 

5987.64 

YO 

100 

5468.47 

I 

15327 

- 

33608 

740  bl 

6003.60 

YO 

90 

5473.39 

II 

14018 

32284 

120 

6004.65 

90 

5480.74 

II 

13883 

32124 

120 

6009. 19 

I 

17116  -  33753 

60 

5493.17 

I 

14949 

33148 

620  bl 

6019.87 

YO 

35 

5495.59 

I 

16066 

- 

34257 

120 

6023.41 

I 

0  -  16597 

240 

5497.41 

II 

14098 

- 

32284 

500  bl 

6036.60 

YO 

300 

5503.45 

I 

15864 

34030 

420  bl 

6053.81 

YO 

250 

5509.90 

II 

8003 

26147 

130  bl 

6072.78 

YO 

60 

5513.64 

I 

15477 

33608 

50 

6088.00 

I 

16817  -  33238 

120 

5521.63 

I 

15327 

- 

33432 

210  bl 

6089.35 

YO 

5521.70 

II 

14018 

- 

32124 

160  bl 

6096.78 

YO 

24 

5526.76 

I 

16159 

— 

34248 

130  bl 

6107.82 

YO 

740 

5527.54 

I 

11278 

— 

29364 

130  bl 

6114.73 

YO 

5541.63 

I 

15712 

33753 

75  bl 

6127.38 

YO 

120 

5544.61 

I 

15327 

— 

33358 

1400  bl 

6132.06 

YO 

II 

14018 

- 

32049 

120 

6135.04 

I 

17116  -  33412 

90 

5546.02 

II 

14098 

— 

32124 

150 

6138.43 

I 

530  -  16817 

75 

5556.43 

I 

15246 

- 

33238 

1 100  bl 

6148.36 

YO 

\J\J 

5567.75 

I 

15477 

33432 

120 

6151.72 

YO 

180 

5577.42 

I 

15864 

_ 

33789 

820  bl 

6165.08 

YO 

24 

5581.08 

I 

15994 

- 

33907 

560  bl 

6182.23 

YO 

620 

5581.87 

I 

11079 

— 

28989 

1200 

6191.73 

I 

0  -  16146 

21 

5590.96 

I 

15477 

— 

33358 

590  bl 

6199.82 

YO 

91 

5594.12 

I 

450  bl 

6217.96 

YO 

120 

5606.33 

I 

11532 

_ 

29364 

300 

6222.59 

I 

0  -  16066 

15 

5623.91 

I 

16066 

- 

33842 

270  bl 

6236.72 

YO 

560 

5630.13 

I 

10937 

- 

28694 

45 

6251.05 

I 

24 

5632.25 

I 

15864 

- 

33614 

120  bl 

6275.01 

YO 

Zl 

5632.89 

I 

ID  lOV 

OoVU  S 

60  b 

6295.46 

YO 

120 

5644.69 

I 

11278 

28989 

24  b 

6316.20 

YO 

120 

5648.47 

I 

15712 

- 

33412 

24  b 

6338.10 

YO 

740 

5662.94 

II 

15683 

- 

33337 

15  b 

6359.48 

YO 

90 

5675.27 

I 

11079 

- 

28694 

15 

6369.87 

YO 

1  n 

lo 

5693.63 

I 

^di  '\f, 

75 

6402.01 

I 

530  -  16146 

160 

5706.73 

I 

16234 

33753 

1000 

6435.00 

I 

530  -  16066 

24 

5720.61 

I 

16436 

- 

33912 

24 

6437.18 

I 

18499  -  34030 

75 

5728.89 

II 

14833 

- 

32284 

18  h 

6501.23 

YO 

150 

bl 

5730.12 

YO 

18  h 

6518.33 

YO 

01 

5732.09 

I 

1  API  7 

18  h 

6535.84 

YO 

90 

5743.85 

I 

17116 

34521 

90 

6538.60 

I 

18499  -  33789 

18 

bl 

5746.93 

YO 

12  h 

6553.84 

YO 

24 

bl 

5764.22 

YO 

70 

6557.39 

I 

0  -  15246 

75 

5765.64 

I 

16817 

34156 

12  h 

6572.58 

35 

5773.95 

J 

16597 

33912 

35 

6576.85 

I 

19238  -  34438 

100 

5781.69 

14833 

32124 

23 

6584.87 

I 

530  -  15712 

15 

bl 

5800.00 

YO 

95 

6613.75 

II 

14098  -  29214 

15 

bl 

5818.58 

YO 

14 

6622.49 

I 

18512  -  33608 

30 

5821.87 

I 

16066 

33238 

19  h 

6636.49 

I 

28989  -  44053 

375 


Yttrium  —  all  observed  /iraes— Continued 


Intensity 
and 

Wavelength 
in  A 

Spectrum 

Energy  levels 

Intensity 
and 

Wavelength 
in  A 

Snpftrii  in 

Energy  levels 

Character 

in  cm"' 

in  cm 

40 

ooou.oi 

J 

19406 

-  34438 

10  h 

7195.93 

36361 

50254 

9  1 

6664.40 

I 

44-000 

35 

7264.17 

II 

14833 

28595 

lou 

6687.58 

I 

0 

-  14949 

9  h 

7293.08 

I 

1  t:7i  9 

29420 

14 

h 

6691.83 

I 

29820 

-  44760 

0  Vi 
V  n 

7 

6694.75 

I 

18499 

-  33432 

Tl 
11 

13883 

27517 

o 

7009  OA 

16 

h 

6699.26 

' 

50 

7346.46 

16234 

29843 

7n 
/U 

6700.71 

I 

1  QC^l  9 
Xooiz 

11  h 

7398.77 

I 

15477 

28989 

35 

6713.20 

I 

21529 

-  36420 

29 

7450.30 

II 

27517 

40 

6735.99 

I 

19406 

-  34248 

1  7 

lAQA  QQ 

19028 

32366 

190 

6793.71 

I 

530 

-  15246 

} 

I  n 

71 

/ DoO. / 1 

{ 

70 

h 

6795.41 

II 

14018 

-  28730 

35 

7563.13 

19148 

32366 

1  9 

u 
n 

6803.15 

I 

OOo4Z 

8  h 

7617.72 

I 

21 

6815.16 

I 

19238 

-  33907 

19  h 

7622.94 

I 

1  Q07A 

32091 

14 

6832.49 

II 
I 

14098 

-  28730 

( OOZ.oV 

19028 

32091 

45 

6845.24 

19148 

-  33753 

7 

} 

J 

18976 

31978 

14 

6858.24 

II 

14018 

-  28595 

8  h 

7698.00 

I 

29 

6887.22 

I 

21915 

-  36431 

19 

7719.89 

I 

19028 

- 

31978 

21 

6896.00 

II 

14098 

-  28595 

19 

7724.08 

I 

^Q^  AQ 

32091 

9 

6908.26 

I 

14949 

-  29420 

77QQ  /I  9 

16436 

29272 

14 

6933.52 

I 

530 

-  14949 

1  Q 

lo 

Jo 

77QA  "iO 

16597 

29420 

24 

h 

6950.31 

I 

19028 

-  33412 
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Zinc 

Zn,  Z  =  30,  M  =  65.4,  Ratio  7;^  =  1.029 

Cu 

Zn  I  Normal  state  of  valence  electrons  Stf'Hs^  ^So  =  0.  LP.  =  75768  cm~i. 
Zn  II  Normal  state  of  valence  electrons  Zd^Hs  2S1/2  =  0.  LP.  =  144893  cm-i. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Zn  I,  C.  W.  Hetzler,  R.  W.  Boreman,  and  K.  Burns,  Phys.  Rev.  48, 656  (1935). 

Zn  11,  W.  C.  Martin  and  V.  Kaufman,  J.  Res.  Nat.  Bur.  Stand.  (U.S.),  74A  (Phys.  and  Chem.),  No.  1,  11-22 
(Jan.-Feb.  1970). 


Zinc  — all  observed  lines 


Intensity 

and 
Character 
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Zirconium 

Zr,  Z  =  40,  M=91.22,  Ratio  ^=1.435 

Zr  I,   Normal  state  of  valence  electrons  4c?25s^^F2  =  0.  LP.  =  56077  cm"*. 
Zr  II,  Normal  state  of  valence  electrons  4^255  ^Fi  1/2  =  0.  LP.  =  113175  cm"'. 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  &  Sons,  New  York, 
1939). 

Classification: 

Zr  I,  C.  C.  Kiess  and  H.  K.  Kiess,  J.  Research  NBS  6,  621  (1931)  RP  296. 
Zrll,  C.  C.  Kiess  and  H.  K.  Kiess,  J.  Research  NBS  5,  1205  (1930)  RP  255. 

Molecular  Spectra: 

ZrO,  C.  C.  Kiess,  Sci.  Papers  BS  22  ,  47  (1927). 
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Zirconium  — all  observed  lines 
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Zirconium  —  all  observed  Zirees— Continued 
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II 

4248  - 

29505 

160 

4090.51 

II 

6112 

30551 

75  h 

3963.80 

I 

16317  - 

41538 

160 

4090.79 

12503 

36942 

382 


Zirconium— all  observed  lines  —  Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm~' 

Intensity 

and 
Character 

TV/             1   .  1 

Waveleneth 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

55 

4093.16 

I 

4376  - 

28801 

110 

4291.35 

I 

4186  - 

27482 

120 

4094.27 

12342  - 

36760 

550 

4294.79 

5541  - 

28818 

65 

4096.63 

11 

4506  - 

28909 

40 

4296. 74 

II 

14163  - 

37430 

110 

4099.31 

} 

n  — 

O^QQQ 

310 

4302.89 

OOoV 

9Q1 

160 

4107.50 

00Z70 

190 

4304.68 

200 

4108.40 

I 

4376  - 

28710 

40 

4309.82 

I 

4376  - 

27573 

110 

4119.83 

I 

12342  - 

36608 

75 

4317.31 

II 

5753  - 

28909 

400 

4121.46 

4376  - 

28633 

75 

4319.05 

1241  - 

24388 

75  h 

4127.96 

d.1  Rf>  — 

75 

4321.17 

1  9/11 

Z4-0  /  0 

ZO 

110 

4324.03 

o  t  4-07 

75 

4134.31 

I 

12761  - 

36942 

180 

4325.44 

I 

5889  - 

29002 

160 

4135.68 

I 

5102  - 

29275 

40 

4329.56 

I 

570  - 

23661 

40 

4140.01 

14123  - 

38271 

40 

4333.26 

II 

19433  - 

42504 

65 

4147.37 

ooouo 

550 

4341.13 

{ 

1  1  — 

O4Z0  / 

1200 

4149.20 

f  I 

11 

ouooz 

40 

4343.04 

u 

ZOUIV 

160 

4150.97 

II 

6468  - 

30551 

65 

4346.52 

I 

14123  - 

37123 

200 

4152.64 

I 

11017  - 

35091 

35 

4347.22 

I 

570  - 

23567 

75 

4153.75 

12773  - 

36841 

1000 

A  ft  Ai  (\r\ 

4347.89 

8057  - 

31050 

290 

4156.24 

II 

5/z4  - 

on"?"?© 

35 

4348.93 

I 

C  C  /I  1 

0041  — 

oocoo 
ZODZO 

400 

4161.21 

II 

o/oo  - 

ZV  /  to 

65 

4358.74 

I 

4  loo  — 

OT  1  OO 

z  /  izz 

400 

4166.36 

I 

5541  - 

29535 

290 

4359.74 

II 

9969  - 

32899 

75 

4169.36 

I 

14349  - 

38327 

310 

4360.81 

I 

4186  - 

27111 

120 

4171.48 

10885  - 

34851 

350 

4366.45 

I 

11017  - 

33912 

75 

4179.81 

II 

10/1  on 

130 

4370.95 

II 

ozolo 

200 

4183.32 

c  1  no 
olUz  - 

oonnn 

35 

4373.07 

I 

coon 

oo'Tcn 
zo/oU 

100 

4186.69 

II 

14163  - 

38041 

240 

4379.78 

II 

12360  - 

35186 

660 

4187.56 

I 

11641  - 

35515 

35 

4394.50 

I 

570  - 

23320 

120 

4191.79 

I 

11956  - 

35806 

130 

4394.94 

I 

10885  - 

33632 

40 

4192.10 

I 

12761  - 

36608 

100 

4395.21 

I 

/I  0  T/; 

4376  - 

OT  1  OO 

40 

4194.01 

I 

12761  - 

36597 

90 

4400.24 

c  oon 

zo609 

400 

4194.76 

I 

11258  - 

35091 

65 

4402.95 

I 

4197  - 

26902 

75 

4196.13 

I 

12773  - 

36597 

65 

4403.34 

II 

9553  - 

32257 

610 

4199.09 

I 

5102  - 

28910 

190 

4413.04 

I 

11258  - 

33912 

610 

4201.46 

I 

5023  - 

28818 

35 

4414.14 

I 

1  O/l  1 

lz41  - 

o  ooon 

23889 

610 

4208.98 

II 

5753  - 

29505 

65 

4414.54 

II 

9969  - 

32615 

75 

4211.34 

I 

14697  - 

38436 

240 

4420.46 

I 

11017  - 

33632 

200 

4211.88 

11 

4248  - 

27984 

120 

4427.24 

I 

18739  - 

41320 

75 

4212.62 

I 

10885  - 

34617 

55 

4429.11 

I 

5102  - 

27673 

400 

4213.86 

I 

4871  - 

28595 

160 

4431.49 

I 

1  noo  c 

10885  - 

33445 

120 

4218.45 

I 

5102  - 

28801 

90 

4438.05 

I 

4376  - 

26902 

40 

4220.65 

I 

5023  - 

28710 

75 

4440.46 

II 

9743  - 

32257 

65 

4225.46 

I 

12342  - 

36001 

140 

4443.00 

II 

11984  - 

34485 

2000 

4227.76 

5889  - 

29535 

28 

4444.33 

I 

11956  - 

34451 

40 

4231.63 

'I 

14163  - 

o  T  ^  ri  o 

37788 

28 

4448.95 

I 

5102  - 

27573 

160 

4234.63 

I 

5102  - 

28710 

90 

4450.28 

I 

10885  - 

33350 

200 

4236.06 

I 

11017  - 

34617 

55 

4455.43 

I 

14791  - 

37230 

65 

4236.55 

I 

0  - 

23597 

55 

4456.30 

I 

14989  - 

37422 

100 

4237.43 

I 

11258  - 

34851 

110 

4457.43 

I 

11017  - 

33445 

2000 

4239.31 

I 

5541  - 

29123 

II 

9553  - 

31981 

770 

4240.34 

I 

4871  - 

28447 

28 

4460.34 

I 

5102  - 

27515 

770 

4241.20 

I 

5023  - 

28595 

90 

4461.22 

II 

8153  - 

30562 

1200 

4241.69 

I 

5249  - 

28818 

110 

4466.91 

I 

5102  - 

27482 

75 

4253.57 

1 

11258  - 

34762 

28 

4468.22 

I 

11258  - 

33632 

75 

4256.44 

I 

4186  - 

27673 

45 

4468.79 

I 

4186  - 

26557 

180 

4258.04 

II 

4506  - 

27984 

110 

4470.31 

I 

12342  - 

34706 

75 

4261.21 

I 

5541  - 

29002 

190 

4470.56 

I 

12773  - 

35135 

75 

4261.42 

I 

12761  - 

36220 

35 

4480.77 

I 

14697  - 

37008 

310 

4268.02 

I 

5023  - 

28447 

45 

4482.50 

I 

15120  - 

37422 

75 

4273.52 

II 

6112  - 

29506 

28 

4491.56 

I 

4186  - 

26444 

90 

4274.77 

I 

4186  - 

27573 

55 

4494.42 

II 

19433  - 

41677 

120 

4276.72 

4197  - 

27573 

28 

4494.94 

J 

14989  - 

37230 

75 

4282.03 

17833  - 

41179 

200 

4496.97 

II 

5753  - 

27984 

550 

4282.20 

5249  - 

28595 

550 

4507.12 

4376  - 

26557 

40 

4286.51 

7838  - 

31160 

28 

4523.13 

17753  - 

39855 

110 

4291.20 

4376  - 

27673 

610 

4535.75 

4186  - 

26227 

383 


559-795  0  -  75  -  26  (Pt.  1) 


Zirconium— all  observed  Zines— Continued 


Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

75 

4539.98 

5102 

27122 

35 

4793.28 

14349 

-  35206 

A  e\i\ 

490 

4542  22 

5102 

27111 

90 

4,70/1  Qf. 

12342 

-  33192 

200 

4553.01 

I 

4197 

26154 

260 

4805.87 

I 

—  9fi^d^ 
zoo^-o 

45 

4553.97 

II 

19515 

_ 

41468 

35 

4806.68 

I 

12761 

-  33559 

200 

4555.13 

I 

12503 

- 

34451 

140 

4809.47 

I 

12773 

-  33559 

140 

4555.52 

12760 

34706 

190 

4815.04 

5249 

-  26012 

45 

4SS8  04 

11258 

33192 

von 

^•olO.Oo 

J 

4871 

-  25630 

I 

12773 

— 

34706 

280 

4824.29 

J 

5249 

-  25972 

22 

4562.12 

I 

190 

4828.04 

I 

5023 

-  25730 

45 

4565.47 

I 

12342 

- 

34240 

110 

4838.78 

I 

12503 

-  33164 

20 

4574.50 

II 

19614 

41468 

60 

4838.98 

I 

12761 

-  33420 

490 

4575.52 

I 

0 

21849 

19 

4841.45 

I 

5249 

-  25898 

40 

4576.20 

I 

11641 

33487 

19 

4846.35 

J 

OIUZ 

—  91^7^0 
zo  ( ou 

100 

4582.29 

I 

14791 

_ 

36608 

210 

4851.36 

I 

5023 

-  25630 

75 

4584.24 

I 

11956 

- 

33764 

160 

4866.06 

I 

5889 

-  26434 

20 

4590.16 

I 

17556 

-  38101 

11641 

— 

33420 

140 

4S90  SS 

4376 

26154 

1  10 

dftfil  9d. 

T-OO  1 .  Z4' 

5249 

-  25730 

350 

4602.57 

I 

OUOH- 1 

110 

4883.60 

I 

D041 

9Am  9 

140 

4604.42 

I 

4186 

I 

25898 

45 

4893. 12 

I 

12761 

-  33192 

22 

4609.15 

I 

12761 

_ 

34451 

20 

4905.08 

I 

5249 

-  25630 

22 

4609.29 

5249 

— 

26938 

30 

4930.87 

15201 

-  35476 

22 

4fin0 

4871 

26557 

/  0 

'irVoO.04' 

14784 

-  35047 

99 

4610.11 

I 

/  O 

9An^A9 
ZOUDZ 

50 

4948.76 

J 

A  1 

lloO 

—  z4ooo 

22 

bl 

4619.85 

ZrO 

30 

4962.30 

I 

14989 

-  35135 

210 

4626.41 

I 

14989 

_ 

36597 

35 

4963.72 

I 

15720 

-  35861 

22 

4627.72 

11956 

- 

33559 

22 

4987.82 

} 

16317 

-  36360 

40 

4fi9Q  07 

TT 

20080 

41677 

1 00 

4W4.  /o 

15120 

-  35135 

4633.98 

o  l\J 

991  A  A 

85 

4996.33 

I 

loZUl 

—  ooZlU 

23 

4634.64 

I 

5541 

27111 

30 

5011.46 

J 

17060 

-  37008 

23 

bl 

4637.78 

ZrO 

250 

5046.58 

I 

12342 

-  32152 

70 

4640.13 

{ 

14791 

- 

36336 

85 

5060.39 

} 

15720 

-  35476 

210 

4'04-4'.  OO 

14697 

— 

36220 

oou 

RO^d  Ql 

11956 

-  31695 

I 

1 1  A/i  1 

1  lO'tl 

Q1 1  A/l 
Oo  104 

110 

5065.22 

J 

lo  iOV 

QQ/1  7A 

—  oo4(0 

35 

4654.38 

I 

12761 

34240 

100 

5070.26 

J 

14989 

-  34706 

95 

4657.64 

J 

11956 

33420 

75 

5073.98 

I 

4186 

-  23889 

35 

46.59.49 

{ 

5102 

- 

26557 

470 

5078.25 

11641 

-  31327 

70 

i.f\f\i  Id 

5023 

— 

26444 

oo 

^Oft^  9^\ 

14791 

-  34451 

ZoU 

4683.42 

J 

1  OQ/I  0 

lzo4z 

ooooo 

50 

5112.27 

II 

lo4zo 

•3  ono/1 
—  oZyo4 

70 

4684.25 

[ 

5102 

26444 

140 

5115.24 

16317 

-  35861 

23 

4685.19 

II 

19515 

40853 

50 

5120.42 

I 

15932 

-  35456 

23 

4686.57 

} 

11641 

- 

32972 

85 

5133.40 

{ 

4186 

-  23661 

2300 

5889 

- 

27215 

ouu 

0  iOO.  'fO 

12761 

-  32152 

CIA 

510 

4688.45 

J 

1/41 

one  £.A 
ZZ064 

200 

5158.00 

I 

16978 

-  0606O 

23 

4691.73 

J 

5249 

26557 

35 

5158.67 

I 

12773 

-  32152 

23 

4695.04 

J 

17143 

38436 

75 

5160.99 

J 

11956 

-  31327 

45 

h 

4700.11 

85 

5165.96 

{ 

12342 

-  31695 

A  K\C\    1  O 

4376 

- 

25646 

1  / 

oi  io.yy 

{ 

4186 

-  23489 

110 

4707.79 

} 

1 1956 

33192 

100 

5183.70 

5102 

-  24388 

1900 

4710.08 

J 

5541 

26766 

30 

5187.03 

J 

15932 

-  35206 

160 

4711.92 

J 

12342 

33559 

100 

5191.60 

II 

14163 

-  33419 

70 

4713.43 

j 

14791 

- 

36001 

100 

5201.15 

{ 

4376 

-  23597 

120 

AIM  o 

4871 

- 

26062 

OO 

ozuy.ou 

12503 

-  31695 

210 

4719.12 

j 

14989 

36173 

85 

5224.93 

J 

4186 

0  0  0  OA 

-  zo3z0 

23 

4731.14 

J 

5023 

26154 

30 

5243.47 

J 

17060 

-  36125 

300 

4732.33 

J 

5102 

26227 

120 

5277.41 

I 

4376 

-  23320 

35 

4734.36 

{ 

18739 

- 

39855 

75 

5280,05 

12761 

-  31695 

1400 

/I  7  on  1Q 
4  .40 

5249 

- 

26343 

ou 

£^90^  Q9 

8057 

-  26938 

35 

4742.94 

12342 

33420 

120 

5296.79 

I 

8057 

-  26931 

40 

4751.91 

[ 

5023 

26062 

60 

5301.97 

J 

17753 

-  36608 

60 

4753.05 

J 

15120 

36153 

110 

5311.40 

I 

4197 

-  23019 

190 

4762.78 

I 

14791 

35782 

25 

5321.26 

I 

5102 

-  23889 

870 

4772.31 

5023 

25972 

22 

5330.84 

570 

-  19324 

210 

4784.92 

5541 

26434 

12 

5338.43 

4871 

-  23597 

160 

4788.67 

5889 

26766 

30 

5350.09 

II 

14299 

-  32984 

40 

4789.11 

5023 

25898 

30 

5350.35 

II 

14733 

-  33419 

384 


Zirconium  —  all  observed  lines  —  Continued 


inicnaiiy 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

Intensity 

and 
Character 

Wavelength 
in  A 

Spectrum 

Energy  levels 
in  cm"' 

25 

5350.90 

I 

18739 

— 

37422 

85 

6032.61 

I 

11956 

— 

28528 

25 

5351.92 

I 

170 

6045.85 

I 

14791 

— 

31327 

75 

53oz.5o 

4376 

23019 

100 

6049.24 

I 

19834 

36360 

12 

5363.35 

Z0007 

140 

6062.84 

1  iUDU 

17 

5369.39 

J 

4871 

_ 

23489 

50 

6120.83 

J 

4186 

I 

20519 

20 

5382.37 

I 

5023 

23597 

170 

6121.91 

I 

8057 

— 

24388 

270 

5385.14 

{ 

4186 

— 

22751 

85 

6124.84 

I 

4197 

— 

20519 

OA 

DOOO.OO 

{ 

5102 

23661 

^OA 

biJ.  /.44 

1241 

17556 

17 

5391.18 

ZoDO  / 

340 

6134.55 

Q 

1  A9Q7 

17 

5395.88 

J 

17833 

_ 

36360 

100 

6140.46 

J 

4186 

20467 

25 

5405.13 

I 

5102 

— 

23597 

440 

6143.20 

I 

570 

— 

16844 

85 

5407.62 

I 

5889 

24376 

30 

6155.61 

I 

12761 

— 

29002 

17 

5413.93 

5541 

24006 

10 

0157.71 

19626 

35861 

20 

5421.86 

{ 

1  7/199 

oooO  1 

25 

6160.20 

1  977Q 

15 

5426.36 

J 

16787 

_ 

35210 

35 

6189.40 

J 

19324 

I 

35476 

25 

5428.42 

I 

17060 

- 

35476 

60 

6192.96 

I 

4376 

- 

20519 

25 

5437.76 

{ 

1241 

- 

19626 

85 

6213.05 

I 

4376 

- 

20467 

4871 

— 

23246 

1  AA 
lUU 

OZ14.09 

17753 

— 

33839 

35 

5448.57 

} 

5541 

o  0  oon 

170  bl 

6226.51 

Zr  0 

10 

5474.92 

J 

16787 

35047 

100 

6257.26 

12773 

28750 

10 

5477.40 

I 

4871 

- 

23122 

50  b 

6261.05 

ZrO 

35 

5478.33 

I 

17753 

- 

36001 

35 

6267.06 

11956 

- 

27908 

35 

5480.83 

} 

5249 

- 

23489 

AC  LI 

45  bl 

zr  OAA  n  A 

6292.84 

Zr  O 

10 

5481.16 

120 

6299.66 

1  O  0  /I  o 

12o42 

OOO  1  o 

zozlz 

30 

5486.09 

J 

5023 

23246 

15 

6304.34 

I 

4376 

20234 

140 

5502.12 

1 

8057 

- 

26227 

300 

6313.02 

1 

12773 

- 

28609 

25 

5507.87 

I 

17060 

- 

35210 

30 

6314.71 

I 

8057 

- 

23889 

OA 

30 

5517. 1 1 

5541 

- 

23661 

50 

6321.35 

{ 

12342 

- 

28157 

10 

5518.05 

C  OOA 

O/l  AA/; 

24UUO 

22 

6340.36 

12/01 

oo  coo 
zo5zo 

75 

5528.41 

J 

18277 

36360 

50  bl 

6345.10 

Zr  0 

20 

5532.30 

1 

5249 

- 

23320 

75 

6345.22 

I 

12773 

- 

28528 

45 

5537.46 

I 

17422 

- 

35476 

75  bl 

6378.56 

ZrO 

C  A 

50 

5545.32 

17833 

— 

35861 

o  c 

35 

£  y1  AT   A  A 

6407.00 

1241 

- 

16844 

22  bl 

5551.75 

Zr  0 

50  b 

6412.39 

Zr  0 

25  bl 

5553. 17 

Zr  0 

12 

6426.17 

22144 

37701 

12 

5612.11 

I 

0 

- 

17814 

35 

6434.33 

I 

22564 

- 

38101 

120 

5620.14 

I 

4186 

- 

21974 

60 

6445.74 

I 

8057 

- 

23567 

0  c 

35 

c o 0  CO 

5623.53 

4197 

- 

21974 

<1A 

20 

645 1 .62 

5023 

- 

20519 

25  bl 

5629.02 

ZrO 

20 

6457.63 

{ 

11/1/11 
1 1641 

O  7  1  O  O 

27122 

25  bl 

5629.58 

Zr  0 

1 10 

6470.21 

I 

12761 

28212 

160 

5664.51 

I 

5102 

- 

22751 

60  bl 

6473.79 

ZrO 

20 

5666.28 

17833 

- 

35476 

11 

6484.35 

I 

5102 

- 

20519 

120 

5680.90 

4376 

- 

21974 

1  1  A 

1 10 

A  or\  HA 

6489.64 

12503 

- 

27908 

15 
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